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ABSTRACT
THE SYNTHESIS 
OF A D-E RING ANALOG OF CAMPTOTHECIN
by
JAMES A. BRISTOL
The s y n th e s i s  o f  th e  p y r id in e  l a c to n e  which r e p r e s e n t s  
a D- and E - r in g  ana log  o f  cam p to th ec in  and a p o t e n t i a l  a n t i ­
c a n c e r  a g en t  has been a c h ie v e d .  The key s te p  in  t h i s  syn­
t h e s i s  was th e  r e a c t i o n  o f  3 - m e th y l-4 -p y r id y l l i th iu x n  w i th  
e th y l  a - k e t o b u ty r a t e  t o  g iv e  e t h y l  2 -h y d ro x y —2 - (3 1-m e th y l-  
4 ’ - p y r i d y l ) - b u t y r a t e  ( 8) . The m ethy l group o f  8_ would n o t  
undergo  b ro m in a tio n  w i th  f r e e  r a d i c a l  c o n d i t i o n s ,  due to  
i n t e r f e r e n c e  from th e  b a s i c  n i t r o g e n  atom; however, i t  was 
p o s s ib l e  t o  c ircum ven t t h i s  d i f f i c u l t y  by th e  p r e p a r a t i o n  o f  
th e  m ix tu re  o f  2- and 6 - c h lo r o p y r id in e s  44 w hich  th e n  u n d e r­
went f r e e  r a d i c a l  b ro m in a t io n  to  g iv e  45 w i th  l i t t l e  d i f f i ­
c u l t y .  Subsequent a c e t y l a t i o n  o f  th e  bromomethyl group o f 
45 gave th e  a c e t a t e  48 which was t ra n s fo rm e d  t o  th e  la c to n e  
3b by s a p o n i f i c a t i o n  w i th  aqueous p o ta s s iu m  h y d ro x id e .  The 
s y n t h e s i s  o f  th e  l a c to n e  r e q u i r e d  n in e  s y n t h e t i c  s t e p s  s t a r t ­
ing  from  p - p i c o l in e - N - o x id e .
x i i i
SECTION I
INTRODUCTION
In  1966, W all and co-w orkers  r e p o r te d  th e  i s o l a t i o n  
and c h a r a c t e r i z a t i o n  o f  a n o v e l  p e n ta c y c l i c  a l k a l o i d ,  cam pto­
t h e c i n ,  from th e  b a rk  and stem  wood o f  th e  t r e e  Camptotheca
1 2 a c u m in a ta , N y ssaceae . A d e t a i l e d  X -ray a n a ly s i s  has  shown




C am pto thec in  was i s o l a t e d  and i d e n t i f i e d  as p a r t  o f 
a s y s te m a t ic  s e a r c h  f o r  a n t i c a n c e r  a g e n ts  d e r iv e d  from p l a n t
3
s o u rc e s .  These i n v e s t i g a t i o n s  were gu ided  by a b io a s s a y  o f  
th e  c rude  p l a n t  e x t r a c t  f o r  a n t i c a n c e r  a c t i v i t y .  When th e  
method i s  s u c c e s s f u l ,  each  f r a c t i o n a t i o n  a f f o r d s  a  more 
h ig h ly  a c t iv e  m a t e r i a l  u n t i l  f i n a l l y  a s i n g l e  compound show­
in g  th e  h ig h e s t  a c t i v i t y  i s  i s o l a t e d .  Cam ptothecin was th u s  
i s o l a t e d  from s e v e r a l  thousand  a lc o h o l i c  e x t r a c t s  of 
Camptotheca acum in a ta  and su b s e q u e n t ly  shown to  p o s s e s s  h ig h
a c t i v i t y  a g a i n s t  s e v e r a l  mouse lym phocytic  leukem ias in c lu d in g
3 4L1210, L5178Y, K1964, and P388. ’ I t  has a l s o  been shown 
t o  i n h i b i t  th e  g row th  of tum ors , s p e c i f i c a l l y  Walker c a r c in o -
1
2sarcoma and plasm a c e l l  tumor YPC-1. In  a d d i t i o n ,  10-
hydroxycam pto thec in  (1 ,  R=0H) and 10-m ethoxycam ptothecin  (1 ,
R=0CH„), i s o l a t e d  as  m inor components o f  Camptotheca
5 6a c u m in a ta , a l s o  show h ig h  a c t i v i t y  in  L1210. *
While th e  e v a lu a t io n  o f c a m p to th e c in 1 s a n t i c a n c e r
p o t e n t i a l  i s  c o n t in u in g ,  some r e s u l t s  a re  a v a i l a b l e  and w i l l
7-9be r e p o r te d  in  p r e l im in a r y  form h e r e .  In  v i t r o  s t u d i e s  
have shown t h a t ,  w h ile  c am p to th ec in  i s  a  p o te n t  i n h i b i t o r  o f 
n u c l e i c  a c id  s y n th e s i s  i n  mammalian whole n e o p l a s t i c  c e l l s ,  
i t  does n o t  i n h i b i t  DNA-RNA s y n th e s i s  i n  m ito c h o n d r ia  o r  in  
E s c h e r i c h i a  c o l i . P r o t e in  s y n th e s i s  i s  a l s o  s l i g h t l y  h in d e re d  
in  mammalian c e l l s .  The s i t e  o f  a c t io n  o f  cam p to th ec in  has 
n o t  been d i s c l o s e d ;  however, s in c e  i t s  e l e c t r o n i c  spectrum  
does n o t  change w i th  a  change in  th e  c o n c e n t r a t io n  of th e  
DNA, i t  does n o t  appea r  t h a t  cam p to thec in  b in d s  t o  th e  n u c l e i c  
a c i d s .
P re l im in a r y  c l i n i c a l  e v a lu a t io n  o f  cam p to th ec in
sodium ( th e  p ro d u c t  r e s u l t i n g  from r e a c t i o n  o f  th e  la c to n e
p o r t i o n  o f  c am p to th ec in  w i th  one mole of sodium h y d ro x id e )  in
18 p a t i e n t s  w i th  advanced s t a g e s  o f  tumorous and leukem ic
c a n c e r  d em o n s tra te d  th e  d ru g s  a b i l i t y  t o  e f f e c t  p a r t i a l  r e -
10m is s io n  o r  re sp o n se  in  11 o f  th e  p a t i e n t s .  While th e s e
r e s u l t s  a r e  e n c o u ra g in g ,  f u r t h e r  e v a lu a t io n  o f  c a m p to th e c in ’ s
e f f e c t i v e n e s s  must a w a i t  o th e r  c l i n i c a l  t r i a l s .
A lthough  th e  mode of a c t i o n  o f  c am p to th ec in  has n o t
been  e l u c i d a t e d ,  some in fo rm a t io n  co n ce rn in g  th e  r e l a t i o n s h i p
betw een s t r u c t u r e  and a c t i v i t y  i s  a v a i l a b l e .  I t  i s  a p p a re n t
t h a t  th e  a -h yd ro xy  l a c to n e  m o ie ty  i s  e s s e n t i a l  f o r  a n t i c a n c e r
a c t i v i t y .  Thus rep la ce m e n t o f  th e  hydroxy l fu n c t io n  w i th
c h l o r i n e ,  a c e to x y ,  o r  hydrogen c o m p le te ly  d e s t r o y s  the
3
a c t i v i t y  o f  th e  compound. A d d i t io n a l ly ,  a t r i a n g u l a r  r e l a ­
t i o n s h ip  betw een two oxygen atoms and a n i t r o g e n  atom has
3been found to  be a  common s t r u c t u r a l  f e a t u r e  among a s e r i e s  
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Camptotheca acum ina ta  i s  endemic t o  th e  i n t e r i o r  o f
m ain land  China and has been in tro d u c e d  i n t o  th e  U n ited  S t a te s
on on ly  fo u r  o c c a s io n s .  A t o t a l  o f  19 t r e e s  have been d i s -
12covered  in  C a l i f o r n i a .  The p a u c i ty  o f a v a i l a b l e  n a t u r a l
m a t e r i a l  has n e c e s s i t a t e d  an e f f i c i e n t  l a b o r a to r y  s y n th e s i s
o f  c am p to th ec in  i n  o rd e r  to  supp ly  s u f f i c i e n t  q u a n t i t i e s  o f
th e  drug  f o r  com plete  e v a lu a t io n  o f  i t s  a n t i c a n c e r  a c t i v i t y
and , o f  c o u r s e ,  t o  supp ly  l a r g e  amounts o f  th e  compound,
sho u ld  i t  become a u s e f u l  c l i n i c a l  a g e n t .
A c c o rd in g ly ,  th e  chem ica l s y n th e s i s  o f  cam p to th ec in
has been u n d e r ta k e n  in  dozens o f  l a b o r a t o r i e s  th ro u g h o u t  th e
w o r ld .  Through J u n e ,  1972, t h e r e  have been a t  l e a s t  16 r e -
.1-3 SLp o r te d  s y n t h e t i c  s t u d i e s  of th e  cam p to th ec in  n u c le u s  P;
and th e  t o t a l  s y n th e s i s  o f  th e  racem ic  a l k a l o i d  has been
l^  13 16 17r e p o r te d  by S to rk  , D an ish efsk y  , Wani , and W in t e r f e ld t .
13kWith th e  p o s s ib l e  e x c e p t io n  o f  th e  r e p o r t  by Kametani , each
4of  th e  r e p o r t e d  s y n t h e t i c  app roaches  has in v o lv e d  th e  p r e p ­
a r a t i o n  of r i n g s  A-D f i r s t  fo llo w ed  by e l a b o r a t i o n  o f  th e  D- 
r i n g  to  form th e  E - r in g  la c to n e  i n  th e  f i n a l  s t a g e s  o f th e  
s y n t h e s i s .
I n s p e c t io n  o f  th e  p e n ta c y c l i c  s t r u c t u r e  o f  cam p to the ­
c in  i n d i c a t e s  t h a t  th e  A- and B -r in g s  com prise  a s im p le  
q u in o l in e  n u c le u s  w h ile  th e  D- and E - r in g s  r e p r e s e n t  a n o v e l  
py r id o n e  l a c to n e  s t r u c t u r e ,  th e  f i r s t  o f  i t s  k in d  t o  be found 
in  a n a t u r a l  p ro d u c t .  T h is  su g g es ted  t h a t  an a l t e r n a t i v e  
app ro ach  to  th e  t o t a l  s y n th e s i s  o f  th e  a l k a l o i d  was th e  
p r e p a r a t i o n  o f  th e  q u in o l in e  and p y r id in e  l a c to n e  s t r u c t u r e s  
s e p a r a t e l y  and th e n  th e  t o t a l  s y n th e s i s  o f  th e  a l k a l o i d  by 
j o i n i n g  th e  q u in o l in e  and p y r id in e  p o r t io n s  th ro u g h  a c y c l i -  
z a t i o n .  Since th e  a -h yd roxy  la c to n e  f u n c t io n  has been shown 
to  a c c o u n t ,  a t  l e a s t  p a r t i a l l y ,  f o r  cam p to thec in*s  a n t i c a n c e r  
a c t i v i t y ,  t h i s  app roach  would p e rm it  th e  p r e p a r a t i o n  o f  syn­
t h e t i c  i n te r m e d ia t e s  which would be p o t e n t i a l  a n t i c a n c e r  
a g e n ts  th e m se lv e s .  Thus t h i s  s y n t h e t i c  ap p roach  was the  
p r e p a r a t i o n  o f  th e  2 , 3 - d i s u b s t i t u t e d  q u in o l in e  2_ and th e  
p y r id in e  la c to n e  _3 and s u b s e q u e n t ly  th e  com bina tio n  of 2 and 
3_ to  a f f o r d  th e  t o t a l  s y n th e s i s  o f  c a m p to th e c in .  T h is  t h e s i s  
w i l l  d i s c u s s  o n ly  th e  s y n th e s i s  o f  th e  p y r id in e  l a c to n e  3 b , 
w hich was th e  announced o b j e c t i v e  o f th e  i n i t i a l  s y n t h e t i c
i n v e s t i g a t i o n s .  While t h i s  work was in  p r o g r e s s ,  Wall and 
18co -w orkers  r e p o r t e d  th e  s y n t h e s i s  o f  a  D-E r in g  analog  o f  
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6SECTION I I  
RESULTS AND DISCUSSION
A. G e n e ra l  Approach to  th e  S y n th e s is  o f  th e  D- and E-Rings 
o f  C am ptothecin
The approach  to  th e  s y n th e s i s  o f  th e  D- and E - r in g s  
o f  c a m p to th e c in  r e q u i r e d ,  a s  th e  t a r g e t  m o le c u le ,  a p y r id in e  
w i th  s u i t a b l e  f u n c t i o n a l i t y  i n  th e  3- and 4 - p o s i t i o n s  to  
a l lo w  th e  fo rm a t io n  o f  th e  d e s i r e d  la c to n e  m o ie ty .  S p e c i f i ­
c a l l y ,  t h e  s u b s t i t u e n t  on th e  3 - p o s i t i o n  must be cap ab le  o f 
b e in g  t ra n s fo rm e d  to  a hydroxym ethyl group w h ile  the  4 -  
s u b s t i t u e n t  must be c ap a b le  o f  be in g  t ran s fo rm e d  to  a 2 -
h y d ro x y -2 - (4*- p y r i d y l ) - b u t y r i c  a c id  f u n c t io n .  In  accordance
3
w i th  th e  l i t e r a t u r e  r e p o r t s  on c a m p to th e c in ’ s l a c to n e  , such  
a  m o lecu le  shou ld  e x i s t  as  th e  la c to n e  in  o th e r  than  b a s ic  
m edia .
A problem  a s s o c i a t e d  w i th  t h i s  s y n t h e t i c  approach i s  
th e  d i f f i c u l t y  en co u n te red  i n  the  p r e p a r a t io n  o f  p y r id in e s  
w i th  d i f f e r i n g  f u n c t i o n a l i t y  in  th e  3- and 4 - p o s i t i o n s .
A f t e r  s e v e r a l  f r u i t l e s s  a t te m p ts  t o  m odify d im e thy l p y r id in e -  
d i c a r b o x y la t e ,  m o d i f i c a t io n  o f  th e  p y r id in e  n u c le u s  by 
u t i l i z i n g  a p y r id in e -N -o x id e  was a t te m p te d .
B. A ttem pted  N u c le o p h i l ic  D isp lacem en t o f  4 - S u b s t i t u t e d  
P y r id in e -N -o x id e s
The c h e m is try  o f  a ro m a tic  amine N -ox ides has been
19 20th e  s u b j e c t  o f  two e x c e l l e n t  r e v ie w s .  ’ While e l e c t r o -
p h i l i c  s u b s t i t u t i o n  o f  p y r id in e  i s  v i r t u a l l y  u n s u c c e s s fu l
( a l th o u g h  p y r id in e  may be h a lo g e n a te d  and s u l fo n a te d  in  the  
213 - p o s i t i o n  ) ,  p y r id in e  N -oxides a r e  r e a d i l y  n i t r a t e d  to
7a f f o r d  good y i e l d s  o f  4 - n i t r o p y r i d in e - N - o x i d e s . * The
d i f f e r e n c e  in  r e a c t i v i t y  between p y r id in e  and i t s  N -ox ides 
may be e x p la in e d  by c o n s id e r in g  th e  re so n an ce  s t r u c t u r e s  o f 
e a c h  of th e s e  m o lecu le s  (F ig u re  1 ) .
The lone p a i r  o f e l e c t r o n s  on th e  n i t r o g e n  atom o f  
p y r id in e  can n o t e n t e r  i n t o  resonance  w i th  th e  a ro m a tic  r in g  
e l e c t r o n s  and th u s  one canno t w r i t e  a  re a so n a b le  c a n o n ic a l  
fo rm  w here in  a  n e g a t iv e  charge  r e s i d e s  on th e  2- o r  4 -c a rb o n  
atom s o f  p y r i d in e ;  hence th e  rea so n  f o r  th e  fo rm a t io n  o f  3- 
s u b s t i t u t e d  p y r id in e s  from h a lo g e n a t io n  o r  s u l f o n a t i o n  i s  
r a t i o n a l i z e d .  For p y r id in e -N -o x id e ,  however, r e a s o n a b le  
c a n o n ic a l  forms can be w r i t t e n  where a n e g a t iv e  ch arg e  r e s i d e s  
on a  2- o r  4 -ca rb o n  atom (F ig u re  1, s t r u c t u r e s  g and h ) , and 
th u s  e l e c t r o p h i l i c  s u b s t i t u t i o n  o f  th e  2- and 4 - p o s i t i o n s  i s  
c o n c e iv a b le .  In  p r a c t i c e ,  th e  only  f e a s i b l e  e l e c t r o p h i l i c  
s u b s t i t u t i o n  i s  n i t r a t i o n  which a f f o r d s  a lm ost e x c l u s i v e l y
4 - n i t r o p y r i d i n e - N - o x i d e s .
F u r th e r  e x am in a tio n  of th e  re so n an ce  s t r u c t u r e s  f o r  
p y r id in e -N -o x id e  r e v e a l s  t h a t  th e  N-oxide i s  a l s o  cap ab le  o f  
w ith d raw in g  e l e c t r o n s  b o th  by an in d u c t iv e  and by a  re so n an ce  
e f f e c t  (F ig u re  1, s t r u c t u r e s  e and f ) ,  and th u s  p y r id in e -N -  
o x id e s  would a l s o  be e x p ec te d  t o  be a c t i v a t e d  tow ard n u c le o -  
p h i l i c  s u b s t i t u t i o n  r e l a t i v e  to  p y r id in e .  T his  a p p a re n t  
paradox  may be r e s o lv e d  by r e c a l l i n g  t h a t ,  n o t  o n ly  th e  
e l e c t r o n i c  d i s t r i b u t i o n  i n  th e  i s o l a t e d  m o le c u le ,  b u t  a l s o ,  
th e  e x t e n t  to  w hich a m o lecu le  i s  p o la r i z e d  by th e  ap p ro ach ­
in g  r e a g e n t  d e te rm in e s  th e  r a t e  of s u b s t i t u t i o n  r e a c t i o n s .
The a ro m a tic  N -oxide f u n c t io n  has th e  p r o p e r ty  o f  b e in g  e a s i l y
24p o l a r i z e d  in  b o th  d i r e c t i o n s .
I t  was th u s  th e  i n t e n t  o f  t h i s  s y n th e s i s  t o  ta k e  
ad v an tag e  of th e  d u a l  e f f e c t  o f th e  N-oxide f u n c t io n  by 
e l a b o r a t i n g  4 -n i t ro - f 3 - p ic o l in e - N - o x id e  (5_) as  shown in
8P y r id in e
©
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F ig u re  1. Resonance S t r u c tu r e s  f o r  P y r id in e  and P y r id in e -  
N -oxide .
9Scheme I . S ince  th e  N-oxide f u n c t io n  a c t i v a t e s  s u b s t i t u e n t s
a t  th e  2 -  and 4 - p o s i t i o n s  o f  p y r id in e  toward n u c le o p h i l i c  
25d isp la c e m e n t  , an a t te m p t  was made to  in t ro d u c e  th e  
n e c e s s a ry  b u t y r i c  a c id  f u n c t io n  a t  th e  4 - p o s i t i o n  by d i s ­
p lacem ent o f th e  n i t r o  group o f  5. w i th  so d io  d i e t h y l  e t h y l -  
m a lo n a te ,  7a. be in g  th e  d e s i r e d  p ro d u c t .  When t h i s  r e a c t i o n  
was a t te m p te d  in  e th a n o l ,  a  m ix tu re  was o b ta in e d  as was shown 
by t h i n  l a y e r  chrom atography (TLC).
T rea tm en t o f  t h i s  p ro d u c t  m ix tu re  w i th  b o i l i n g  e t h e r  
gave s t a r t i n g  m a t e r i a l  and a r e s id u e  w hich was i n s o lu b le  i n  
e t h e r .  When th e  r e s id u e  was t r e a t e d  w i th  b o i l i n g  a c e to n e ,  a 
h ig h -m e l t in g  brown s o l i d ,  mp 212-214°, which c o n ta in e d  bands 
i n  i t s  i n f r a r e d  spectrum  a t  3400 and 1600 cm , was i s o l a t e d .  
The h ig h  m e l t in g  p o i n t ,  c o lo r ,  and i n f r a r e d  spec trum  may be 
accommodated by a s s ig n in g  th e  s t r u c t u r e  o f  t h i s  p ro d u c t  a s  1-
h y d ro x y -3 -m e th y l-4 ( lH )p y r id o n e  (9 ) .  In  su p p o r t  o f  t h i s
26a ss ig n m en t,  T ay lo r  i s o l a t e d  a t a n  amorphous s o l i d  (mp 215- 
216°) from th e  h y d r o ly s i s  o f  4 - n i t r o - p - p i c o l i n e - N - o x i d e  to  
which he a s s ig n e d  th e  t a u to m e r ic  s t r u c t u r e  4 -h y d ro x y -0 -  




















7a Ri  = C02E t ,  R2 = E t
7b R1 = C02E t ,  R2 = H




27Adams and R e i f s c h n e id e r  have r e p o r te d  th e  a r y l a t i o n  
o f  s e v e r a l  a c t i v e  m ethy lene  compounds w i th  2 -b ro m o p y rid in e -  
N -ox id e . The p ro d u c t  which th ey  i s o l a t e d  from th e  a r y l a t i o n  
o f  d i e t h y l  m alona te  was n o t  th e  ex p ec te d  d i e t h y l  2 - p y r id y l - m a lo n a te  






m eric  e f f e c t  o f  th e  N-oxide on th e  2 - and 4 - p o s i t i o n s  o f  th e  
p y r id in e  r i n g  i s  th e  same, i t  was a n t i c i p a t e d  t h a t  a r y l a t i o n  
o f so d io  d i e t h y l  e th y lm a lo n a te , so d io  d i e t h y l  m a lo n a te ,  o r  
so d io  e t h y l  c y a n o a c e ta te  w i th  4 -b ro m o -p -p ic o l in e -N -o x id e  (6 ) 
would a f f o r d  r e s p e c t i v e l y ,  7ci, 7b, o r  7 c .
Thus 4 - n i t r o - p - p i c o l i n e - N - o x i d e  (5_) was t r e a t e d  w i th
2 8a c e t y l  bromide a c c o rd in g  t o  th e  method o f  K a j ih a ra  to  g ive
4 -b ro m o -p -p ic o l in e -N -o x id e  (6_) in  good y i e l d .  Upon t r e a tm e n t  
o f  j5 w i th  so d io  d i e t h y l  e th y lm a lo n a te  and so d io  e t h y l  cyano­
a c e t a t e  in  r e f l u x i n g  b e n ze n e , on ly  s t a r t i n g  m a t e r i a l  was 
r e c o v e re d .  R e a c t io n  w i th  so d io  d i e t h y l  m alona te  in  a s i m i l a r  
manner a f fo rd e d  a m ix tu re  o f s t a r t i n g  m a t e r i a l  6_ and 7 b .
The r a t i o  o f  6_ t o  7b as  de te rm in ed  by pmr was 9 :1  and no 
a t te m p t  was made t o  s e p a r a te  th e  p ro d u c t  m ix tu re  because  of 
th e  low y i e l d  o f  th e  d e s i r e d  p ro d u c t .
S ince  a sm a ll  amount o f  a r y l a t i o n  o f  d i e t h y l  m alonate  
w i th  4 -b ro m o -p -p ic o l in e -N -o x id e  (6 ) d id  o c c u r ,  i t  was f e l t  
t h a t  more d r a s t i c  c o n d i t io n s  would se rv e  t o  i n c r e a s e  th e  y ie ld
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o f  th e  d e s i r e d  p r o d u c t .  Zaugg and co -w orkers  have r e p o r te d
t h a t  d im ethylform am ide (DMF) i s  a  s u p e r io r  s o lv e n t  f o r  th e
29 30a l le y la t io n  o f  a c t i v e  m ethylene  compounds. ’ A c c o rd in g ly ,
6. was h e a te d  w i th  so d io  d i e t h y l  m alonate  i n  DMF. When on ly  
s t a r t i n g  m a t e r i a l  (707>) co u ld  be i s o l a t e d ,  however, t h i s  
approach  was abandoned.
C. P r e p a r a t io n  and R e a c t io n s  o f  E th y l  2 -H y d ro x y -2 -(3*-m e th y l-  
4 ’ - p y r i d y l ) - b u t y r a t e
The u nex p ec ted  r e s i s t a n c e  o f 4 - n i t r o -  and 4-bromo-|3-
p ic o l in e - N -o x id e  to  n u c l e o p h i l i c  s u b s t i t u t i o n  prompted a
s e a r c h  f o r  an a l t e r n a t i v e  ap p roach  to  th e  p r e p a r a t i o n  o f  th e
31r e q u i r e d  4 - s u b s t i t u t e d  p - p i c o l i n e .  A bram ovitch  has r e p o r t e d  
t h a t  th e  a d d i t i o n  o f  cyclohexanone to  3 - m e th y l - 4 - p y r id y l -  
l i t h i u m  p ro ce ed s  to  g iv e  1 - ( 3 ' -m e th y l-4 ’ - p y r id y l ) - c y c lo h e x a n o l  
i n  m odera te  y i e l d .  A s e a r c h  o f th e  l i t e r a t u r e  r e v e a le d  t h a t
th e  only  o th e r  i n v e s t i g a t i o n  o f  4 - p y r i d y l l i t h i u m  r e a g e n t s  was
32c o n ta in e d  in  a r e f e r e n c e  by Wibaut , who d id  the  i n i t i a l  and 
o n ly  su rv ey  o f th e  p r e p a r a t i o n  and r e a c t i o n s  o f 4 - l i t h i o -  
p y r i d i n e s .
31The work by A bram ovitch  su g g e s te d  t h a t  th e  r e a c t i o n  
o f  4 - l i t h i o - p - p i c o l i n e  w i th  e t h y l  a - k e to b u ty r a te  (13) would 
a f f o r d  e t h y l  2 -h y d ro x y -2 - ( 3 ' -m e th y l-4 r - p y r i d y l ) - b u t y r a t e  ( 8 ) ,  
a key (and u n a t t a i n a b l e )  in te r m e d ia te  in  Scheme I . Thus th e  
sequence  o f  r e a c t i o n s  i l l u s t r a t e d  in  Scheme I I  was i n i t i a t e d .
E th y l  e th o x a ly lp r o p io n a te  (12) was p re p a re d  in  moder­
a t e  y i e l d  from e t h y l  p ro p io n a te  and e t h y l  o x a l a t e ,  a c c o rd in g
33t o  th e  method o f  Cox and M cElvain. Subsequent h y d r o ly s i s
and d e c a rb o x y la t io n  w i th  b o i l i n g  h y d r o c h lo r ic  a c i d ,  a c c o rd in g
34t o  th e  method o f  Vogel and Schinz , gave e t h y l  a - k e to b u ty r a te  
(13) i n  75% y i e l d .
13
CH3 CH2 C02Et + E t0 2 CC02E t
 >  CH3 CH2C0CO2E t
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With 4 -b ro m o -P -p ic o l in e -N -o x id e  (6 ) now r e a d i l y
a v a i l a b l e ,  i t  was th e n  n e c e s s a ry  t o  remove th e  N-oxide
f u n c t io n  p r i o r  t o  th e  p r e p a r a t i o n  o f 4 - l i t h i o - ( 3 - p i c o l i n e .
The two most common methods recommended f o r  th e  d e o x y g en a tio n
o f  p y r id in e -N -o x id e s  a re  r e a c t i o n  w i th  t r i v a l e n t  phosphorus 
35compounds and c a t a l y t i c  h y d ro g e n a t io n  over Raney n i c k e l .
31A bram ovitch  has r e p o r t e d  th e  t r a n s fo r m a t io n  o f  4- 
n i t r o - p - p i c o l i n e - N - o x i d e  (5) d i r e c t l y  t o  4 -b ro m o -p -p ic o l in e  
(14a) by t r e a t i n g  5_ w i th  phosphorus t r ib r o m id e  in  b o i l i n g  
e t h y l  a c e t a t e .  However, when t h i s  p ro cedu re  was fo l lo w e d ,  
t h e r e  was i s o l a t e d  a  m ix tu re  of p ro d u c ts  whose pmr spectrum  
i n d ic a t e d  th e  p re s e n c e  o f  757. 4 - n i t r o - p - p i c o l i n e  (19) and 
25% 4 -b rom o -f3 -p ico line  (1 4 a ) . The r e l a t i v e  y i e l d s  o f  th e  two 
p ro d u c ts  were d e te rm in ed  by i n t e g r a t i o n  of th e  p -m ethy l 
s i g n a l s  a t  2 .5 5  ppm and 2 .2 8  ppm f o r  th e  4 - n i t r o -  (19) and 
4 -b ro m o -p -p ic o l in e s  (1 4 a ) ,  r e s p e c t i v e l y .  An i n f r a r e d  sp e c ­
trum  o f  th e  p ro d u c t  m ix tu re  c o n ta in e d  a b s o r p t io n  bands a t  
1520 and 1360 cm  ^ which a r e  d i a g n o s t i c  f o r  a  n i t r o  group.
31T h is  spec trum  was s i m i l a r  t o  t h a t  r e p o r t e d  by A bram ovitch.
36F u r t h e r ,  Ross has shown t h a t  a  m ix tu re  of 4 - c h l o r o -  (14b) 
and 4 - n i t r o - p - p i c o l i n e  (19) i s  o b ta in e d  upon t r e a tm e n t  o f 
(5) w i th  phosphorus t r i c h l o r i d e .
CO E t
-> CHqCH
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31Since  th e  p ro ce d u re  r e p o r t e d  by A bram ovitch gave a 
m ix tu re  o f  p r o d u c t s ,  t h e  p r e p a r a t io n  o f  4 -b rom o-f3 -p ico line  
(14a) d i r e c t l y  from th e  p a re n t  N-oxide was a t te m p te d .  Accord 
i n g l y ,  4 -b ro m o -p -p ic o l in e -N -o x id e  (6 ) was t r e a t e d  w i th  
phosphorus  t r i c h l o r i d e  i n  b o i l i n g  ch lo ro fo rm  to  g iv e ,  in  
good y i e l d ,  14a a s  an u n s t a b le  l i q u i d  which was p u r i f i e d  by 
vacuum d i s t i l l a t i o n  and th en  used  w ith o u t  d e la y  in  th e  sub­
se q u e n t  r e a c t i o n .  T his  d eo x yg en a tion  was perform ed s e v e r a l  
t im e s  w i th o u t  a p p a re n t  d i f f i c u l t y .  On one o c c a s io n ,  however, 
a s u b s t a n t i a l  amount o f  4 - c h l o r o - p - p i c o l in e  (14b) was d i s ­
t i l l e d  from th e  d e o x y g en a tio n  p ro d u c t  m ix tu re  and i d e n t i f i e d  
a s  i t s  p i c r a t e .  T his  p ro d u c t  was presum ably formed by n u c leo  
p h i l i c  d isp la c e m e n t  o f th e  l a b i l e  4-brom ide by c h lo r id e  an ion  
In  o r d e r  t o  c ircum ven t t h i s  d i f f i c u l t y ,  i t  was found
d e s i r a b l e  t o  remove th e  N -oxide by c a t a l y t i c  r e d u c t io n  over
37W-2 Raney n i c k e l .  Hayashi has r e p o r t e d  th e  q u a n t i t a t i v e
r e d u c t io n  o f  4 -c h lo ro p y r id in e -N -o x id e  w i th  hydrogen over W-2
Raney n i c k e l  w i th o u t  co ncom itan t  l o s s  o f  h a lo g e n . Raney
n i c k e l  i s  s u p e r io r  to  n o b le  m e ta l  c a t a l y s t s  f o r  th e  r e d u c t io n
o f  h e t e r o c y c l i c  N -ox ides s in c e  t h e r e  i s  no r e d u c t io n  of th e
c a rb o n -h a lo g e n  bond w i th  Raney n i c k e l ,  as has been r e p o r te d  
38w i th  p a l la d iu m . A c c o rd in g ly ,  a m e th an o l ic  s o l u t i o n  o f 6_
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was deoxygenated  in  s e v e r a l  h o u rs ,  4 -b rom o-(3 -p ico line  be ing  
i s o l a t e d  a s  th e  h y d ro c h lo r id e  in  83% y i e l d .  T his  compound 
was s to r e d  a s  i t s  s a l t  w i th  no a p p a re n t  d eco m position  ( th e  
N-oxide d id  decompose on s ta n d in g  f o r  more th an  s e v e r a l  w eeks) . 
T h is  method was s u p e r io r  t o  phosphorous t r i c h l o r i d e  deoxygen­
a t i o n  b o th  in  y i e l d  and p u r i t y  o f th e  p ro d u c t  o b ta in e d .  With 
4 -b ro m o -p -p ic o l in e  now r e a d i l y  a v a i l a b l e ,  c o n v e rs io n  to  th e  
o rg a n o m e ta l l ic  compound, which would th e n  be added to  e t h y l  
a - k e t o b u ty r a te  (13) rem ained t o  be i n v e s t i g a t e d .
S ince  4-brom o- and 4 - c h lo r o p y r id in e s  a re  known to
32form G rign ard  r e a g e n ts  o n ly  w i th  d i f f i c u l t y  , i t  was d e c id e d
to  p re p a re  th e  4 - l i t h i o - p - p i c o l i n e  by m e ta l -h a lo g e n  exchange
w i th  n - b u t y l l i t h i u m .  T h is  r e a c t i o n  (w ith  4 - l i t h i o - p y r i d i n e )
has  been shown to  g iv e  b e t t e r  y i e l d s  th a n  th e  c o rre sp o n d in g
4-pyridy lm agnesium  h a l i d e  xvhen a llow ed  t o  r e a c t  w i th  a
32s e r i e s  o f  e l e c t r o p h i l e s . A c c o rd in g ly ,  4 -b rom o-(3 -p ico line  (14a) 
was added to  n - b u t y l l i t h i u m  i n  hexane—e t h e r  s o l u t io n  a t  
a b o u t -70° . Subsequent a d d i t i o n  of e t h y l  a -k e to b u ty r a te '  (13) 
fo l lo w ed  by h y d r o l y t i c  workup gave th e  d e s i r e d  e t h y l  2 - 
h y d ro x y -2 - (3*- m e t h y l - 4 * - p y r i d y l ) - b u t y r a t e  (8) in  52% y i e l d .  
Compound 8> cou ld  be i s o l a t e d  i n  two d i f f e r e n t  c r y s t a l l i n e  
forms (mp 72-73° and mp 1 0 8 -1 1 0 °) .  The i n f r a r e d  (KBr) and 
pmr s p e c t r a  o f  th e s e  two forms were i d e n t i c a l .  I n t e r e s t i n g l y ,  
th e  i n f r a r e d  s p e c t r a  o f  th e  two c r y s t a l l i n e  fo rm s, when 
re c o rd e d  as  a  n u j o l  m u l l ,  showed s u b t l e  d i f f e r e n c e s  in  th e  
f i n g e r p r i n t  r e g io n .  The su c c e ss  o f  t h i s  r e a c t i o n  formed a 
b a s i s  f o r  th e  rem ain der  o f  th e  s y n t h e t i c  i n v e s t i g a t i o n  because  
i t  c o n s t i t u t e d  a v e ry  e x p e d ie n t  r o u te  t o  th e  r e q u i r e d  a -  
h y d ro x y b u ty r ic  a c id  m o ie ty  a t  th e  4 - p o s i t i o n  of th e  p y r i d in e .
With th e  4 - p o s i t i o n  o f  th e  p y r id in e  now p r o p e r ly  
f u n c t i o n a l i z e d ,  i t  rem ained th e n  t o  c o n v e r t  th e  p -m ethy l 
group o f  8 to  a  hydroxym ethyl group o r  some h ig h e r  o x id a t io n
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s t a t e  which th en  could  be t ran s fo rm e d  to  th e  la c to n e  3 a .
The p re se n c e  o f  a t e r t i a r y  h y d ro x y l group in  8_ ap p ea red  a t  
f i r s t  t o  p re c lu d e  th e  u se  o f  s t r o n g ly  a c i d i c  c o n d i t io n s  which 
m ig h t  l e a d ,  v i a  e l i m in a t i o n  o f  w a te r ,  t o  th e  u n s a tu r a t e d  





One p l a u s i b l e  means to  o x id iz e  th e  P-m ethyl group 
ap p ea red  t o  be f r e e  r a d i c a l  b ro m in a tio n  t o  g iv e  th e  c o r r e s ­
ponding bromomethyl d e r i v a t i v e  15 fo llo w ed  by h y d r o ly s i s  o f
39th e  bromomethyl t o  g iv e  th e  la c to n e  3a . B rom ination  o f
to lu e n e  d e r i v a t i v e s  can be e f f e c t e d  under  f r e e  r a d i c a l
40c o n d i t i o n s  by means of N-brom osuccinim ide (NBS) o r by
41p h o t o ly s i s  w i th  m o le c u la r  brom ine. An i n i t i a l  a t te m p t  to
b ro m in a te  8, w i th  NBS gave on ly  a red  p o lym eric  m a t e r i a l .
S ince  8. was i n  r a t h e r  s h o r t  su p p ly  and th e  f r e e  r a d i c a l
h a lo g e n a t io n  o f  on ly  a - p i c o l i n e  d e r i v a t i v e s  had been 
42r e p o r t e d  , i t  was d e s i r a b l e  t o  e x p lo re  th e  h a lo g e n a t io n  
r e a c t i o n  w i th  p - p i c o l in e  as a model compound f o r  8_. I t  was 
e x p e c te d  t h a t  3 -b rom om ethy lpy rid ine  would be u n s t a b le  a s  th e  
b ase  due t o  i n t e r m o le c u l a r  s a l t  fo rm a t io n  and t h e r e f o r e  
h y d r o ly s i s  o f  th e  in te r m e d ia te  b ro m in a tio n  p ro d u c t  t o  3- 
h y d ro x y m e th y lp y r id in e  was p la n n e d .  A c c o rd in g ly ,  th e  r e a c t i o n  
c o n d i t i o n s  which a r e  summarized in  T able  1 were employed to  
a t t e m p t  t h i s  t r a n s f o r m a t io n .
T ab le  1 . I n v e s t i g a t i o n  o f  th e  B rom ination  o f  P -P ic o l in e  Under F ree  R a d ic a l  C o n d it io n s
B rom inating
S u b s t ra te Agent . C a ta ly s t S o lven t Temp Time Re si
1 . P - p ic o l in e NBS BPOa c c i 4 CO o 2 .5  h r n p i
2 . P - p ic o l in e  HBr NBS -------- h2o/ c h ci3 25 3 .5 n r b
3. P - p ic o l in e  HBr Br h e a t H2° 100 1.5 n r b
4. p - p i c o l in e B r , h e a tj benzene 80 1.5
cn r
5 . p - p i c o l in e  HBr Br2 hv h2° 80 1 .0 n p i
6 . 3 - p i c o l in e  HBr.3 hvd c h c i3 61 2 .5 n p i
7 . ^ - p ic o l in e  HBr NBS hvd c h c i 3 61 2 .0 n p i
8 . P - p ic o l in e  HBr Br2 hvd CDC13 1 h r
en r
BPO = d ibenzoy l p e ro x id e ; n p i  = no i d e n t i f i a b l e  o rg a n ic  p ro d u c t  cou ld  be i s o l a t e d ;  
n r  = no r e a c t i o n
t*P ro duc t was i d e n t i f i e d  by com parison o f  i t s  i r  spectrum  w i th  t h a t  o f  B -p ic o l in e
P ro d u c t  was i d e n t i f i e d  by com parison o f  i t s  g lp c  r e t e n t i o n  tim e w i th  t h a t  o f P -p ic o l in e
dL ig h t  and h e a t  from a 275 W sunlamp 
0
R e ac tio n  was ru n  i n  an nmr tu b e ;  no change in  a lk y l  p o r t io n  d u r in g  o r a f t e r  p h o to ly s i s  
o f  th e  r e a c t i o n  s o l u t i o n .
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The u n f o r tu n a te  c o n c lu s io n  which must be drawn from 
th e  above r e s u l t s  i s  t h a t  th e  b a s i c  n i t r o g e n  atom i n t e r f e r e s  
i n  some way w i th  th e  f r e e  r a d i c a l  b ro m in a tio n  o f  th e  m ethy l 
g ro u p . T h is  c o n c lu s io n  i s  r e i n f o r c e d  by th e  r e p o r t e d  brom i­
n a t i o n  o f  2 -  and 6 -b ro m o -3 -m e th y lp y r id in e ^  and o f  2 - c h lo r o -
3 -m e th y lq u in o l in e  w i th  N B S .^  Under th e s e  c o n d i t i o n s ,  3- 
m e th y lq u in o l in e  f a i l s  t o  undergo  b r o m i n a t i o n . ^
The d is c o u ra g in g  f a i l u r e  o f  th e  b ro m in a tio n  o f  p-
p i c o l i n e  led  to  th e  abandonment o f  t h i s  ap p roach  to  th e
o x id a t io n  o f  the  m ethy l group in  f a v o r  o f  a more d i r e c t
46means o f o x id a t io n .  I t  has been r e p o r te d  t h a t  le a d  t e t r a ­
a c e t a t e  w i l l  o x id iz e  a c t i v a t e d  carbon-hydrogen  bonds to  
a f f o r d  th e  c o rre sp o n d in g  a ce to x y  d e r i v a t i v e s .  Thus t r e a t ­
ment o f  to lu e n e  w i th  t h i s  r e a g e n t  g iv e s  b en zy l  a c e t a t e ,  
a l b e i t  in  r a t h e r  low y i e l d s .  While th e  o x id a t io n  o f  m e th y l-  
p y r i d in e s  w i th  t h i s  r e a g e n t  has  n o t  been r e p o r t e d ,  t h i s  
r e a c t i o n  was a t tem p ted  f o r  th e  t r a n s fo r m a t io n  o f  e t h y l  2 - 
h y d ro x y -2 - (3 ‘ -m e th y l-4 t - p y r i d y l ) - b u t y r a t e  ( 8} to  th e  la c to n e  
3 a .  To t h i s  end , £3 was h ea ted  w i th  lead  t e t r a a c e t a t e  in  
a c e t i c  a c id ,  f i r s t  f o r  5 hours  and l a t e r  f o r  51 h o u r s ,  w i th  
84% and 30% s t a r t i n g  m a t e r i a l  r e c o v e re d ,  r e s p e c t i v e l y .  This 
was th e  on ly  b a s ic  o rg a n ic  p ro d u c t  i s o l a t e d .  I t  i s  i n t e r e s t ­
in g  to  no te  t h a t  th e  p ro lo nged  t r e a tm e n t  o f  8 (mp 70-73°) 
w i th  le a d  t e t r a a c e t a t e  c o n v e r ted  8 t o  a d i f f e r e n t  c r y s t a l l i n e  
form (mp 1 0 8 -1 1 0 °) .
A f u r t h e r  a t te m p t  was made t o  o x id iz e  th e  m ethy l 
group o f  8 by u s in g  e i t h e r  a c t i v a t e d  manganese d io x id e  or 
p o ta ss iu m  perm anganate . I t  seemed l i k e l y  t h a t  o x id a t io n  
w i th  manganese compounds would t r a n s fo rm  th e  m e th y l  group of 
8 t o  a  c a rb o x y l  group which would th e n  l a c to n i z e  t o  g iv e  17 . 
S to rk  and S c h u l t z ^  p rep a red  an in te r m e d ia te  an a log ous  to  
th e  l a c to n e  JL7, which th ey  t ran s fo rm e d  in  s e v e r a l  s t e p s  to
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th e  E - r in g  o f  c am p to th e c in .  T h e re fo re ,  i f  t h i s  7- l a c to n e  
co u ld  be p r e p a r e d ,  i t  would be a key in te r m e d ia te  in  th e  
s y n th e s i s  o f  the  p y r id in e  la c to n e  3 a .
Thus compound 8_ was h e a ted  under r e f l u x  w ith  a c t i ­
v a te d  manganese d io x id e  i n  ch lo ro fo rm  f o r  4 d a y s .  Upon 
e v a p o ra t io n  of th e  s o l v e n t ,  however, on ly  s t a r t i n g  m a t e r i a l  
(847o re c o v e ry )  c o u ld  be i s o l a t e d .  A p p a ren tly  th e  3 -m e th y l-  
p y r id in e  i s  s u f f i c i e n t l y  u n r e a c t iv e  t o  r e s i s t  o x id a t io n  w i th  
manganese d io x id e .
The n e x t  o x id a t io n  a t te m p t  was th e  use  o f  b u f fe re d  
(MgSO^) p o ta s s iu m  perm anganate  xvhich i s  a  s t r o n g e r  o x id iz in g  
a g e n t  th an  manganese d io x id e .  A p re c e d e n t  f o r  t h i s  r e a c t i o n  
i s  th e  o x id a t io n  w i th  b u f f e r e d  perm anganate o f  th e  p y r in d an e  
21 t o  th e  py rindanon e  22 by Heavner in  th e s e  l a b o r a t o r i e s .  
A c c o rd in g ly ,  _8 was t r e a t e d  w i th  b u f fe re d  perm anganate  in  
aqueous t e r t - b u t y l  a lc o h o l  and a f t e r  c o n v e n t io n a l  i s o l a t i o n  
gave a sm a ll  y i e l d  o f m a t e r i a l  which appeared  t o  be th e
0
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d e c a rb o x y la te d  la c to n e  18.. The i d e n t i f i c a t i o n  o f  t h i s  l a c ­
to n e  r e s t s  on th e  p re se n c e  o f a s t ro n g  a b s o r p t io n  band in  
th e  i n f r a r e d  spectrum  a t  1760 cm and a o n e -p ro to n  d o u b le t  
o f  d o u b le t s  in  th e  pmr sp ec trum  a t  5 .35  ppm i n d i c a t i v e  of 
th e  C-H a t t a c h e d  to  oxygen.
F u r th e r  a t t e m p ts  t o  o x id iz e  compound £3 w ith  b u f f e re d  
and u n b u f fe re d  perm anganate  and then  d e s t r u c t i o n  of th e  
e x c e s s  o x id iz in g  a g e n t  w i th  b i s u l f i t e  s o l u t io n  r e s u l t e d  on ly  
in  th e  re c o v e ry  o f  s t a r t i n g  m a t e r i a l  (32% and 46%, r e s p e c ­
t i v e l y )  . While no f u r t h e r  a t te m p ts  were made to  o x id iz e
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th e  m ethy l group o f  8 , a  d i s c u s s io n  o f  a s u c c e s s f u l  method 
f o r  th e  o x id a t io n  o f  a m o d if ied  form of <8 w i l l  be p re s e n te d  
i n  P a r t  E.
D. I n v e s t i g a t i o n  o f  th e  P r e p a r a t io n  and M e ta la t io n  o f  4- 
H a lo -3 -h y d ro x y m e th y lp y r id in e  and Some D e r iv a t iv e s
The d i f f i c u l t y  e n c o u n te re d  i n  o x id iz in g  th e  p -m ethy l 
group o f  compound 8 prompted a  s e a rc h  f o r  a method whereby 
th e  hydroxym ethyl group cou ld  be in c o r p o r a te d  e a r l i e r  in  
th e  r e a c t i o n  sequence , e i t h e r  a s  a  f r e e  o r masked h y d ro x y l 
g ro u p . An obvious app roach  th e n  would be t o  p re p a re  4-brom o-
3 -h y d ro x y m e th y lp y r id in e , which cou ld  undergo  l i th iu m -h a lo g e n  
exchange fo llo w ed  by r e a c t i o n  w i th  e th y l  a - k e to b u ty r a te  to  
g iv e  th e  la c to n e  3 a .
A lthough  no p r e p a r a t i o n s  o f  4 -h a lo -3 -h y d ro x y m e th y l-  
p y r i d in e s  have been r e p o r te d  i n  th e  l i t e r a t u r e ,  th e  r e a d i l y  
a v a i l a b l e  4 - n i t r o - p - p i c o l i n e - N - o x i d e  (5_) was a l o g i c a l  s t a r t ­
in g  p o i n t ,  and th e  sequence shown in  Scheme I I I  was i n i t i a t e d .  
The N -oxide 5_ was o x id iz e d  w i th  co ld  chrom ic a c id  s o l u t io n  
t o  g iv e  a  73% y i e l d  o f 4 - n i t r o n i c o t i n i c  a c id -N -o x id e  (23) 
T rea tm en t o f  23 w i th  b o i l i n g  a c e t y l  bromide fo llo w ed  by 
h y d r o ly s i s  c l e a n ly  c o n v e r ted  th e  r i i t r o  f u n c t io n  to  a bromo 
g ro up . 4 -B ro m o n ic o tin ic  a c id -N -o x id e  (25) was o b ta in e d  in  
76% y i e l d .
The c o n v e rs io n  o f  25. d i r e c t l y  t o  th e  d e s i r e d  4-bromo-
3 -hydroxym ethy l p y r id in e  was n e x t  s t u d i e d .  A lthough d ib o ra n e
i s  th e  r e a g e n t  o f c h o ic e  f o r  r e d u c t io n  of c a rb o x y l ic  a c id s  
48to  a lc o h o ls  , when r e d u c t io n  o f  Z5 w i th  d ib o ra n e  was 
a t te m p te d ,  none o f  the  d e s i r e d  a lc o h o l  was o b ta in e d .  While 
th e  problem  a s s o c i a t e d  w i th  t h i s  r e d u c t io n  may be th e  ex ­
t re m e ly  low s o l u b i l i t y  o f  25. i n  th e  s o lv e n t  ( t e t r a h y d r o f u r a n ) , 
no d e f i n i t e  c o n c lu s io n s  may be drawn, s in c e  no s t a r t i n g
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m a t e r i a l  cou ld  be i s o l a t e d  from th e  r e a c t i o n  m ix tu re .
Since 4 -b ro m o n ic o t in ic  a c id -N -o x id e  (25) proved to
be r e s i s t a n t  t o  r e d u c t io n ,  th e  p r e p a r a t i o n  o f  m ethy l 4-bromo-
49n ic o t in a t e - N - o x id e  (30) was a t te m p te d .  T a y lo r  and C r o v e t t i
have r e p o r t e d  t h a t  t r e a tm e n t  o f 4 - n i t r o n i c o t i n i c  a c id -N -o x id e
( 23) w i th  anhydrous hydrogen c h lo r id e  in  m ethano l gave th e
4 - c h l o r i n a t e d  m ethy l e s t e r  26_ in  good y i e l d .  By an a lo g y , i t
seemed c e r t a i n  t h a t  th e  d e s i r e d  4 -b rom in a ted  m ethy l e s t e r  30
cou ld  be p re p a re d  under  th e  same c o n d i t io n s  by s u b s t i t u t i n g
hydrogen bromide f o r  hydrogen c h lo r i d e .  However, when 23
was s u b je c te d  to  t r e a tm e n t  w i th  hydrogen bromide in  m ethano l
u n d e r  th e  i d e n t i c a l  c o n d i t io n s  r e p o r te d  by T a y lo r ,  on ly
m eth y l 4 -m e th o x y n ic o t in a te -N -o x id e  (29) cou ld  be i s o l a t e d .
F u r th e rm o re ,  when 23. was t r e a t e d  w i th  hydrogen c h lo r id e  in
49m ethano l a cc o rd in g  t o  th e  r e p o r t e d  p rocedu re  , on ly  th e  4-
methoxy d e r i v a t i v e  29_ was a g a in  i s o l a t e d .  I d e n t i f i c a t i o n  of
th e  p ro d u c t  was accom plished  by com parison o f  th e  m e l t in g
p o in t  o f th e  p i c r a t e  o f 29. which T ay lo r  p re p a re d  by an
49a l t e r n a t e  method and by th e  p resen ce  o f two s i n g l e t s  (3 H 
e a c h ,  3 .95  and 4 .0 5  ppm) in  th e  pmr spec trum  of 29.. Addi­
t i o n a l l y ,  i n  th e  r e p o r t e d  p r e p a r a t i o n  o f  m ethy l 4 - c h lo ro -  
n i c o t in a t e - N - o x id e  (26) no e le m e n ta l  a n a l y s i s  or s p e c t r a l  
d a t a  accompanied th e  e x p e r im e n ta l  p rocedu re  and th e  p i c r a t e
o f  t h i s  compound p re p a re d  i n  m ethano l was found to  be i d e n t -
49i c a l  t o  th e  4-m ethoxy d e r i v a t i v e  29_. From t h i s  and the
above in fo r m a t io n ,  i t  must be concluded  t h a t  th e  r e p o r te d
p r e p a r a t i o n  o f  26. by T a y lo r  shou ld  be r e - e v a l u a t e d .
S ince  F i s c h e r  e s t e r i f i c a t i o n  proved to  be u n s u i t a b l e  
f o r  th e  p r e p a r a t i o n  o f  th e  d e s i r e d  m ethy l e s t e r ,  th e  nex t 
ap p ro ach  was th ro u g h  m e th a n o ly s is  of th e  a c id  c h lo r i d e .  Thus 
th e  a c id  c h lo r id e  o f  4 -b ro m o n ic o t in ic  a c id -N -o x id e  (25) was 
p re p a re d  w i th  t h io n y l  c h lo r id e  and t r e a t e d  w i th  co ld  m ethano l.
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The p ro d u c t  i s o l a t e d  from t h i s  r e a c t i o n  showed a pmr spectrum  
i n  acco rdance  w i th  th e  d e s i r e d  m ethy l e s t e r ,  however e le m e n ta l  
a n a l y s i s  o f  th e  sample i n d ic a t e d  t h a t  i t  was n o t  th e  d e s i r e d
4-bromo e s t e r  30, b u t  r a t h e r  th e  4 - c h lo r o  e s t e r  26.. In  o rd e r  
t o  prove c o n c lu s iv e ly  th e  s t r u c t u r e  o f t h i s  compound, 4 - 
n i t r o n i c o t i n i c  a c id -N -o x id e  (23) was t r e a t e d  w i th  a c e t y l  
c h lo r id e  a cc o rd in g  to  th e  method o f  Rao"^, to  g ive  a good 
y i e l d . o f  th e  4 - c h lo r o  a c id  24. E s t e r i f i c a t i o n  o f 24 w i th  
t h io n y l  c h lo r id e  and m ethano l gave a  p ro d u c t  whose i n f r a r e d  
spec trum  and pmr spectrum  were i d e n t i c a l  w i th  th o se  o f  th e  
p ro d u c t  from 4 -b ro m o n ic o t in ic  a c id -N -o x id e  (2 5 ) .  E le m e n ta l  
a n a ly s e s  were i n  acco rdance  w i th  th e  ass ig nm en t of th e  
s t r u c t u r e  2,6 t o  t h i s  compound. A lthough th e  d e s i r e d  4-bromo 
e s t e r  30. was n o t  o b ta in e d ,  th e  ro u te  was co n tin u ed  w i th  th e  
c h lo ro  e s t e r  as  shown in  Scheme I I I  by a l i th iu m - h a lo g e n  e x ­
change r e a c t i o n  w i th  th e  c h lo r o p y r id in e  o r  an exchange o f  
th e  c h lo r id e  f o r  a bromide o r  io d id e ,  e i t h e r  o f  which should  
undergo  l i th iu m -h a lo g e n  exchange more r e a d i l y  than  c h lo r i d e .
There a re  no s u b s t a n t i a t e d  r e f e r e n c e s  to  th e  removal 
o f  an N-oxide f u n c t io n  w i th  l i th iu m  aluminum h y d r id e  (LAH). 
Thus i t  was n e c e s s a ry  t o  remove th e  N-oxide f u n c t io n  i n i t i a l l y  
and th en  to  red u ce  th e  m ethy l e s t e r  t o  th e  c a r b i n o l .  A 
m e th a n o l ic  s o l u t i o n  o f  th e  N -oxide 26_ was deoxygenated  in  
e x c e l l e n t  y i e l d  w i th  hydrogen (1 atm) ove r W-2 Raney n i c k e l  
t o  g iv e  m eth y l 4 - c h l o r o n i c o t i n a t e  which was i s o l a t e d  as the  
hydrobrom ide s a l t  from an e t h e r e a l  s o l u t i o n .  S p e c t r a l  d a ta  
and e le m e n ta l  a n a ly s e s  a r e  in  acco rdance  w i th  th e  a ss ignm en t 
o f  th e  s t r u c t u r e  27, to  th e  p ro d u c t .
I t  rem ained  th en  to  reduce  th e  m ethy l e s t e r  to  4- 
c h lo ro -3 -h y d ro x y m e th y lp y r id in e .  T h is  was accom plished  in  
good y i e ld  by in v e r s e  a d d i t i o n  o f an e t h e r e a l  s o l u t io n  o f  
LAH to  an i c e - c o l d  s o l u t io n  o f  th e  e s t e r .  D i r e c t  r e d u c t io n
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w ith  LAH gave a  m ix tu re  o f  p ro d u c ts .  4-C hloro~3-hydroxy~  
m e th y lp y r id in e  was i s o l a t e d  as  a f l u f f y  s o l i d  which decomposed 
on s t a n d in g ,  presum ably  th ro u g h  po lym eric  s a l t  f o rm a t io n .  I t  
was t h e r e f o r e  i s o l a t e d  and s to r e d  as  th e  hydrobrom ide 2J3. I t  
i s  i n t e r e s t i n g  t o  n o te  t h a t  t h i s  deco m p o sitio n  o c c u rre d  in  
th e  s o l i d  s t a t e .
The n e x t  s t e p  was to  t r a n s fo rm  28. t o  th e  l a c to n e  3a
by u t i l i z i n g  th e  l i th iu m -h a lo g e n  exchange r e a c t i o n  which had
worked w e l l  w i th  4 -b ro m o -fJ -p ic o l in e . The i n i t i a l  a t t e m p t
was to  m e ta la te  th e  a lc o h o l  w i th  n - b u t y l l i t h i u m  d i r e c t l y .
32A lthough  Wibaut has shown t h a t  4 - c h lo r o p y r id in e  w i l l  n o t  
undergo  l i th iu m - h a lo g e n  exchange w i th  n - b u t y l l i t h i u m ,  th e  co ­
o r d i n a t io n  o f  l i t h iu m  w i th  th e  oxygen in  th e  a lc o h o l  co u ld  
a s s i s t  in  th e  exchange r e a c t i o n ;  however, when 4 - c h lo r o - 3 -
L i* \
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h y d ro x y m eth y lp y r id in e  hydrobrom ide (28) was t r e a t e d  w i th  
t h r e e  e q u iv a le n t s  o f  n - b u t y l l i t h i u m  in  e t h e r  fo l lo w ed  by 
e t h y l  a - k e t o b u ty r a t e  ( Scheme I l i a ) , on ly  s t a r t i n g  m a t e r i a l  
co u ld  be i s o l a t e d .  The r e s i s t a n c e  o f th e  c h lo r o p y r id in e  28. 
t o  m e t a l a t i o n  w i th  n - b u t y l l i t h i u m  may be a t t r i b u t e d  e i t h e r  
t o  th e  low r e a c t i v i t y  o f  th e  c h lo r o p y r id in e  in  th e  exchange 
r e a c t i o n  o r  t o  th e  i n s o l u b i l i t y  o f  the  l i t h iu m  a lk o x id e ,  
w hich must be formed i n i t i a l l y  upon r e a c t i o n  o f  th e  a lc o h o l  
w i th  n - b u t y l l i t h i u m .  P o s s ib ly  th e  two phase  r e a c t i o n  a t  th e  
low te m p e ra tu re  employed (abou t -7 0°)  p r o h i b i t s  th e  exchange 
r e a c t i o n .
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When i t  became e v id e n t  t h a t  28_ cou ld  n o t  be m e ta la te d  
w i th  th e  f r e e  hydroxy group p r e s e n t ,  an a t te m p t  was made to  
p r o t e c t  th e  a lc o h o l  a s  e i t h e r  a m ethy l o r  b e n z y l  e t h e r  p r e ­
p a re d  th ro u g h  a W illiam son e th e r  s y n t h e s i s .  I n i t i a l l y  i t  was 
f e a r e d  t h a t  th e  b a s i c  c o n d i t io n s  employed f o r  t h i s  e t h e r  
s y n th e s i s  cou ld  lea d  t o  d isp la c e m e n t  o f  the  l a b i l e  ha logen  
i n  th e  4 - p o s i t i o n  by a lk o x id e ,  in  a  manner an a log ous  to  the  
n u c l e o p h i l i c  d isp la c e m e n t  o f  the  bromine in  4 -b ro m o n ic o t in ic  
a c id -N -o x id e  (25) w i th  t h io n y l  c h lo r i d e .  However, when 28. 
was a llow ed  to  r e a c t  w i th  two e q u iv a le n t s  o f  sodium h y d r id e  
i n  glyme, fo l lo w ed  by th e  a d d i t i o n  of m ethy l i o d id e ,  th e  
d e s i r e d  m eth y l e t h e r  31. was i s o l a t e d  from an e t h e r  s o l u t i o n  
i n  m odera te  y i e l d  as  th e  h y d ro c h lo r id e .  The m eth y l e t h e r  
cou ld  n o t  be p u r i f i e d  s a t i s f a c t o r i l y  f o r  e le m e n ta l  a n a ly s e s  
b u t  cou ld  be i d e n t i f i e d  u n e q u iv o c a l ly  from th e  pmr spectrum  
( s i n g l e t ,  3H, 3 .5 0  ppm) and i r  spectrum  ( l a c k  o f  OH b a n d ) .
W ith 4 -ch lo ro -3 -m e th o x y m e th y lp y r id in e  h y d ro c h lo r id e  
( 31) a v a i l a b l e ,  th e  i n t r o d u c t i o n  o f  th e  a -h y d ro x y b u ty r ic  
e s t e r  m o ie ty  i n t o  t h i s  m olecu le  was a t te m p te d .  A s u c c e s s f u l  
s y n th e s i s  would be folloxved by c le av a g e  of th e  m eth y l e th e r  
w i th  an e l e c t r o p h i l i c  a g en t  such a s  boron t r i c h l o r i d e  o r  
u se  of th e  b e n z y l  e t h e r  (which cou ld  th en  be removed by 
h y d r o g e n o ly s i s ) . T rea tm en t o f 4 -c h lo ro -3 -m e th o x y m e th y l-  
p y r id in e  w i th  n - b u t y l l i t h i u m  fo llow ed  by a d d i t i o n  o f  th e  a - 
k e to  e s t e r  und er  th e  u s u a l  c o n d i t i o n s ,  however, gave u n id e n t ­
i f i e d  p r o d u c t s .  The re a so n  f o r  th e  d i f f i c u l t y  w i th  t h i s  
r e a c t i o n  i s  p ro b ab ly  tw o - f o ld .  F i r s t ,  th e  c h lo r in e  may no t 
exchange w i th  th e  n - b u t y l l i t h i u m .  Second, im m ed ia te ly  upon 
th e  a d d i t i o n  o f  n - b u t y l l i t h i u m  to  th e  m ethy l e t h e r ,  th e  
r e a c t i o n  m ix tu re  tu rn e d  d a rk  r e d .  T h is  c o l o r a t i o n  i s  i n d i c a ­
t i v e  of th e  W it t ig  rea rran g em en t o f  ben zy l e t h e r s  to  g iv e  
t e r t i a r y  c a r b i n o l s . ^  A lthough no W it t ig  rea r ran g e m en t  
p ro d u c ts  were i s o l a t e d ,  th e  m ix tu re  o f  p ro d u c ts  o b ta in e d ,
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and th e  c o l o r a t i o n  o f th e  r e a c t i o n  m ix tu re  a re  s t r o n g ly  
i n d i c a t i v e  o f  th e  re a r ra n g e m e n t .
PhCH2OR PhCH(OH)R
In  o rd e r  t o  d e te rm in e  w hether th e  "benzyl"  e t h e r  was 
r e a c t i n g  w i th  th e  n - b u t y l l i t h i u m ,  3 -m etho xym eth y lpy rid ine , 
p re p a re d  from 3 -h y d ro x y m e th y lp y r id in e ,  was t r e a t e d  w i th  n -  
b u t y l l i t h i u m  in  hexane—e t h e r  s o l u t io n  a t  -70° f o r  10 m in .
The r e a c t i o n  m ix tu re ,  which im m edia te ly  tu rn e d  d a rk  r e d ,  was 
hy d ro ly ze d  a t  -70° w i th  02®* Pr °d u c t  i s o l a t e d  d id  n o t
a p p ea r  to  have d e u te r iu m  in c o rp o ra te d  i n to  th e  s id e  c h a in ,  
and th e  pmr spectrum  showed a la rg e  envelope  from 0 .4  t o  1 .4  
ppm i n d i c a t i n g  i n c o r p o r a t i o n  o f  a b u ty l  group in  th e  m o le cu le .  
T h is  was viewed as  s t ro n g  ev id en ce  t h a t  th e  m ethy l e t h e r  was 
r e a c t i n g  i n  some way w i th  th e  n - b u t y l l i t h i u m  and e f f o r t s  to  
m e ta l a te  4 -c h lo ro -3 -m e th o x y m e th y lp y r id in e  were abandoned.
In  a f i n a l  a t te m p t  t o  m e ta la te  a 4 - c h l o r o p y r i d in e , 4- 
c h lo ro -3 -h y d ro x y m e th y lp y r id in e  hydrobromide 28, was t r e a t e d  
w i th  a c e t i c  an h yd ride  t o  g iv e  th e  a c e t a t e  33^  in  good y i e l d .  
T rea tm ent o f 33_ w i th  n - b u t y l l i t h i u m  and th en  th e  a -k e to  
e s t e r  u n d e r  th e  u s u a l  c o n d i t io n s  gave on ly  the  a lc o h o l  28_
(53% r e c o v e r y ) . A p p a ren t ly  a t t a c k  of n - b u t y l l i t h i u m  a t  th e  
c a rb o x y l  group o f  th e  a c e t a t e  p roceeded  more r a p i d l y  th an  
th e  m e t a l a t i o n .
At t h i s  p o i n t ,  i t  was e v id e n t  t h a t  c h lo r o p y r id in e s  
were n o t  a c c e p ta b le  s u b s t r a t e s  f o r  l i th iu m -h a lo g e n  exchange 
re a c t io n s ,  and i t  was t h e r e f o r e  n e c e s s a ry  to  seek  a method 
f o r  r e p l a c in g  th e  c h lo r in e  w i th  e i t h e r  a bromine o r an io d in e  
atom. Two p o s s ib l e  app roaches  f o r  t h i s  rep lacem en t were 
a v a i l a b l e :  th e  ha logen  cou ld  be in tro d u c e d  a t  th e  s t a r t i n g
p o in t  of th e  s y n th e s i s  (a s  w i th  4 -b ro m o n ic o tin ic  ac id -N -o x id e )
o r  th e  c h lo r in e  on 28 o r  one of i t s  d e r i v a t i v e s  cou ld  be 
d i s p la c e d  by io d id e  which would be as good or b e t t e r  than  
bromine f o r  m e ta l -h a lo g e n  exchange (Scheme I l l b ) .
S ince th e  p r e p a r a t io n  of 4 -c h lo ro -3 -h y d ro x y m e th y l-  
p y r id in e  hydrobrom ide (28) had been co m p le te ly  worked o u t ,  
th e  most l o g i c a l  app ro ach  seemed t o  be th e  d isp la c e m e n t  of 
th e  c h lo r id e  o f  t h i s  compound w i th  sodium io d id e  r a t h e r  th a n  
t o  a t te m p t  th e  p r e p a r a t i o n  of th e  i n i t i a l l y  r e q u i r e d  m ethy l
4 -b ro m o n ic o tin a te -N -o x id e  (30) which had e a r l i e r  p roven  to  
be a d i f f i c u l t  t a s k .  A c c o rd in g ly ,  .28 was h e a te d  u n d e r  r e f l u x  
f o r  one day in  a s a t u r a t e d  s o l u t i o n  o f  sodium io d id e  in  
m ethy l e t h y l  k e to n e  t o  g iv e  a 66% y ie ld  o f  4 - io d o -3 -h y d ro x y -  
m e th y lp y r id in e  hydrobrom ide (3 5 ) .  S p e c t r a l  d a t a  and e l e ­
m e n ta l  a n a ly se s  a re  in  acco rdance  w i th  th e  ass ig nm en t o f 35_ 
t o  t h i s  s t r u c t u r e .
M e ta la t io n  o f  4 - io d o -3 -h y d ro x y m e th y lp y r id in e  h y d ro ­
bromide (35) seemed q u i t e  p ro b ab le  in  view  of a  r e p o r t  by 
52Parham , where jo-bromobenzyl a lc o h o l  (41) was t r e a t e d  w i th  
two e q u iv a le n t s  o f  n - b u t y l l i t h i u m  in  THF—hexane s o l u t io n  a t  
-20  t o  - 10° fo l low ed  by a d d i t i o n  o f  cy c lo h ep tan one  t o  a f f o r d  
a  good y i e l d  o f 1- (£ -h y d ro x y m e th y lp h e n y l) -c y c lo h e p ta n o l  (4 2 ) .
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The m e ta l a t i o n  o f  35_ was a t tem p ted  u s in g  n - b u t y l l i t h i u m  a t  
-10 t o  -2 0 ° .  The u s u a l  p ro ced u re  gave a  p ro d u c t  i s o l a t e d  a s  
th e  hydrobrom ide . T h is  s a l t  appeared  t o  be a m ix tu re  o f 
s t a r t i n g  m a t e r i a l  35 and 3-h y d ro x y m eth y lp y r id in e  hydrobrom ide 
(4 0 ) . The r e a c t i o n  was r e p e a te d  f o r  a p ro long ed  p e r io d  w i th  
r e f l u x i n g  e th e r  as  s o l v e n t .  Norm ally th e s e  c o n d i t io n s  would 
le a d  to  a d d i t i o n  o f  th e  a l k y l l i t h i u m  to  th e  2- p o s i t i o n  o f  
th e  p y r id in e  r i n g ;  however, th e  on ly  b a s ic  p ro d u c ts  i s o l a t e d  
were a g a in  35 and 40 , which were i d e n t i f i e d  by com parison  o f  
t h e i r  TLC b e h a v io r  w i th  an a u th e n t i c  sample o f  e a c h .
The i s o l a t i o n  o f 3 -h y d ro x y m eth y lp y r id in e  from th e  
r e a c t i o n  m ix tu re  su g g e s ts  t h a t  th e  m .e ta l-ha logen  exchange 
does ta k e  p la c e  i n  one o f  two ways. The exchange may o ccu r  
f a s t e r  th a n  fo rm a t io n  o f  th e  l i th iu m  a lk o x id e  from th e  a lc o h o l .  
Then r e a c t i o n  o f  th e  a lc o h o l  w i th  th e  l i t h i a t e d  p y r id in e  by 
an a c id - b a s e  r e a c t i o n  would a f f o r d  3 -h y d ro x y m eth y lp y r id in e  
upon h y d r o l y s i s .  T h is  p o s s i b i l i t y  seems u n l i k e l y ,  however,
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s i n c e  th e  n - b u t y l l i t h i u m  was added v e ry  s lo w ly  t o  th e  p y r i d in e ,  
and s in c e  th e  a c id - b a s e  r e a c t i o n  o f  n - b u t y l l i t h i u m  w i th  th e  
a l c o h o l  shou ld  be v e ry  f a s t .
A second and more a t t r a c t i v e  p o s s i b i l i t y  i s  t h a t  th e  
l i t h i a t e d  p y r id in e  p a r t i a l l y  fo rm s, b u t  i s  n o t  s u f f i c i e n t l y  
r e a c t i v e  t o  add t o  e t h y l  a - k e t o b u ty r a t e .  Subsequent h y d r o ly s i s  
o f  th e  r e a c t i o n  m ix tu re  would then  a f f o r d  3 -hydroxym ethy l­
p y r id in e  .
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In  o rd e r  to  c ircum ven t th e  p o s s i b i l i t y  t h a t  th e  
a c t i v e  hydrogen o f  th e  a lc o h o l  was in f lu e n c in g  th e  r e a c t i o n ,  
th e  exchange r e a c t i o n  was a t te m p te d  on an io d o p y r id in e  w i th  
a masked h y d roxy l group in  th e  3 - p o s i t i o n .  To t h i s  end , 4 -  
io d o -3 - (N ,N -d im e th y la m in o ) -m e th y lp y r id in e  appeared  t o  be an 
a t t r a c t i v e  c a n d id a te .  The d im ethy lam ino  fu n c t io n  cou ld  th e n  
be q u a te rn iz e d  w i th  m ethy l io d id e  o r m ethy l t o s y l a t e  and 
th e n  t r im e th y la m in e  cou ld  be d i s p l a c e d  w i th  h y d ro x id e .
-h
PyCH2N(CH3 ) 2 ----> PyCH2N(CH3 ) 3 ---- > PyCH2OH + N(CH3>3
A c c o rd in g ly ,  4 -c h lo ro -3 -h y d ro x y m e th y lp y r id in e  h y d ro ­
c h lo r i d e  (p re p a re d  from 28) was h e a te d  b r i e f l y  w i th  t h i o n y l  
c h lo r i d e  t o  g iv e  an 87% y i e l d  o f  4 -c h lo r o -3 - c h lo ro m e th y l -  
p y r id in e  h y d ro c h lo r id e  (3 6 ) .  Compound 36. was th e n  t r e a t e d  
Tvuth e x c e s s  sodium d im ethy lam ide  in  glyme, and th e  p ro d u c t ,
4 - c h lo ro -3 - (N ,N -d im e th y la m in o ) -m e th y lp y r id in e , was i s o l a t e d  
i n  987o y i e l d  and s to r e d  as th e  hydrobrom ide 3J7. T rea tm ent 
o f  37_ w i th  a b o i l i n g  s a t u r a t e d  s o l u t i o n  o f sodium io d id e  in  
m e th y l  e t h y l  ke tone  a f fo rd e d  an 82% y i e l d  o f  4 - io d o -3 -(N ,N -  
d im e th y la m in o ) -m e th y lp y r id in e  which was l ik e w is e  i s o l a t e d  
and s t o r e d  a t  th e  hydrobrom ide 3j8. S p e c t r a l  d a t a  and e l e ­
m e n ta l  a n a ly s e s  were in  accordance  w i th  th e  s t r u c t u r e s  36_ - 
38 a s s ig n e d  to  th e s e  compounds.
Compound 38. (a s  th e  b ase )  was added to  a  s o l u t i o n  o f 
n - b u t y l l i t h i u m  in  hexane—THF. Im m edia te ly  upon th e  a d d i t i o n ,  
th e  r e a c t i o n  m ix tu re  began to  tu r n  d a rk  red  which i s  r e m in is ­
c e n t  o f  th e  r e a c t i o n  between 3 -m etho xym eth y lpy rid ine  and n- 
b u t y l l i t h i u m  where th e  W it t ig  rea rran g e m en t was p o s s i b l e .  
Subsequent a d d i t i o n  o f  th e  a -k e to  e s t e r  and i s o l a t i o n  o f  th e  
b a s i c  p ro d u c t  gave on ly  33% re c o v e re d  s t a r t i n g  m a t e r i a l .  A 
sm a ll  amount o f  u n i d e n t i f i e d  m a t e r i a l  was a l s o  p r e s e n t ;
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however, t h i s  m a t e r i a l  c o n ta in e d  no ca rb o n y l  a b s o r p t io n  in  
th e  i r  spec trum  and was n o t  i n v e s t i g a t e d  f u r t h e r .  T h is  
a p p ro ach  t o  th e  la c to n e  was t h e r e f o r e  abandoned.
E . P r e p a r a t io n  o f  th e  P y r id in e  Lactone
The f a i l u r e  o f  a  h a lo p y r id in e  w i th  an o x id iz ed  s id e  
c h a in  in  th e  3 - p o s i t i o n  to  undergo  h a lo g e n -m e ta l  exchange 
n e c e s s i t a t e d  a  r e i n v e s t i g a t e o n  of th e  e l a b o r a t i o n  o f  a 
p y r id in e  w i th  th e  r e q u i r e d  a -h y d ro x y b u ty r ic  a c id  m o ie ty
^ 3
p r e s e n t  i n  th e  4 - p o s i t i o n .  S ince S u l l iv a n  and N orton had
r e p o r t e d  th e  b ro m in a tio n  o f  2 -b ro m o -3 -m e th y lp y rid in e  under
f r e e  r a d i c a l  c o n d i t i o n s ,  i t  was f e l t  t h a t  a 2- o r  6 -c h lo r o -
3 - m e t h y l - 4 - s u b s t i t u t e d  p y r id in e  would be n e c e s sa ry  f o r  th e
b ro m in a t io n  w i th  NBS to  be s u c c e s s f u l .  Thus th e  s y n th e t i c
app ro ach  w hich cu lm in a ted  in  th e  s y n th e s i s  o f  th e  l a c to n e  i s
i l l u s t r a t e d  in  Scheme IV.
E th y l  2 -h y d ro x y ~ 2 -(3*- m e th y l - 4 * - p y r id y l ) -b u ty r a te
(8_) was t r a n s fo rm e d  to  th e  N-oxide 43, i n  h igh  y i e l d ,  by
t r e a tm e n t  w i th  m -ch lo ro p e rb e n z o ic  a c id  (1 .5  e q u iv a le n t s )  in
c h lo ro fo rm  s o l u t i o n .  m -C h lo roperbenzo ic  a c id  i s  a v e ry  m ild
and s p e c i f i c  r e a g e n t  f o r  th e  p r e p a r a t io n  o f  a ro m a tic  amine 
53o x id e s  and th e  r e a c t i o n ,  which may be m on ito red  by TLC, i s
n o rm a l ly  com ple te  i n  l e s s  th a n  one hour a t  room te m p e ra tu re .
R e a c t io n  o f  p y r id in e -N -o x id e s  w i th  phosphorus oxy-
c h lo r i d e  (P0C1,,) i s  a g e n e r a l  method f o r  th e  p r e p a r a t i o n  of
54a - c h l o r o p y r i d i n e s . The mechanism of t h i s  r e a c t i o n  i s
g e n e r a l l y  assumed t o  be a t t a c k  by c h lo r id e  an io n  on th e
54i n i t i a l  ad d u c t o f  POClq and th e  N -ox ide . P0C1- i s  a l s o  a
55v e ry  e f f e c t i v e  d e h y d ra t in g  ag en t f o r  t e r t i a r y  a lc o h o ls  and 
t h i s  was th e  r e a s o n  f o r  th e  i n i t i a l  r e lu c ta n c e  to  u se  t h i s  
method f o r  th e  p r e p a r a t i o n  o f  a - c h lo r o p y r id in e s  from the  N- 
ox ide  43. F o r t u n a t e ly ,  when 43 was t r e a t e d  w ith  ho t (105°)
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POClg f o r  0 .5  h r ,  no d e h y d ra t io n  o c c u r re d ,  and th e  m ix tu re  
o f  6- and 2 - c h lo r o p y r id in e s  44a and 44b was i s o l a t e d  i n  95% 
y i e l d .
I t  may be p o s t u l a t e d  t h a t  th e  rea so n  f o r  th e  f a i l u r e  
o f  43 t o  undergo  d e h y d ra t io n  i s  t h a t  th e  e l i m in a t i o n  o f  
w a te r  shou ld  p ro ceed  by an mechanism. T h is  would n e c e s s ­
i t a t e  th e  fo rm a tio n  o f  a carbonium  io n  a -  t o  th e  4 - p o s i t i o n  
o f  th e  p y r id in e  and a -  to  th e  e s t e r  f u n c t io n .  Both o f  th e s e  
a -g ro u p s  a re  s t r o n g l y  e le c t r o n - w i th d r a w in g ,  and th u s  carbonium  
io n  fo rm a t io n  would be v e ry  u n fa v o ra b le .
E t  / ^ C O O E t
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The r e l a t i v e  amounts o f  44a and 44b were shown to  be 
e s s e n t i a l l y  th e  same by t r i a n g u l a t i o n  o f  an expanded pmr 
sp ec trum  of th e  p ro d u c t  m ix tu r e .  Compound 44a e x h ib i t e d  two 
s i n g l e t s  a t  8 .12  and 7 .52  ppm w h ile  th e  2 - c h lo r o  isom er (44b) 
gave an AB q u a r t e t  ( J  = 5 . 2  Hz) c e n te re d  a t  7 .82  ppm. The 
p ro d u c t  m ix tu re  was an o i l  and , f o r  t h i s  r e a s o n ,  no a t te m p ts  
were made to  p u r i f y  i t  f o r  e le m e n ta l  a n a ly s e s .
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Compound 44 was th e n  t r e a t e d  w i th  an e x ce ss  o f  NBS, 
i n  carbon  t e t r a c h l o r i d e  s o l u t i o n ,  u s in g  a  c a t a l y t i c  amount 
o f  d ibenzoyl p e ro x id e  and th e  l i g h t  and h e a t  from a 100-w att  
b u lb  as th e  f r e e  r a d i c a l  i n i t i a t o r s .  Under th e s e  c o n d i t i o n s ,  
th e  b rom om ethy lpyrid ine  45_ cou ld  be p re p a re d  in  92% y i e l d  a s  
an orange o i l .  The assignm en t o f  th e  s t r u c t u r e  of 45_ to  th e  
p ro d u c t  from t h i s  r e a c t i o n  i s  based  upon i t s  pmr spectrum ; 
th e  pmr spectrum  o f  th e  s t a r t i n g  m e th y lp y r id in e  (44) c o n ta in s  
s i n g l e t s  a t  2 .25  and 2 .33  ppm a r i s i n g  from th e  m ethy l groups 
o f  44a and 4 4 b . A f t e r  b ro m in a t io n ,  th e  p ro d u c t  has l o s t  th e  
two m ethy l s i g n a l s  and a m u l t i p l e t  c e n te re d  a t  5 .0  ppm, due 
to  th e  d i a s t e r e o t o p i c  n a tu r e  o f  th e  m ethy lene  p ro to n s  o f  th e  
bromomethyl g ro u p , i s  p r e s e n t .  S ince 45_ i s  p o t e n t i a l l y  u n ­
s t a b l e  due to  th e  p o s s i b i l i t y  o f  in te r m o le c u la r  s a l t  form a­
t i o n ,  no a t te m p t  was made t o  p u r i f y  i t  f u r t h e r ,  b u t  i n s t e a d ,  
i t  was used  im m edia te ly  a f t e r  i t s  p r e p a r a t i o n .
I t  rem ained th en  to  t r a n s fo rm  45. t o  th e  l a c to n e .  The 
i n i t i a l  a t te m p ts  t o  pe rfo rm  t h i s  t r a n s f o r m a t io n  were by 
h y d r o ly s i s  o f th e  bromomethyl group o f  45 t o  a hydroxym ethyl 
group u n d e r  b a s i s  aqueous c o n d i t i o n s .  A c co rd in g ly ,  45 was 
h e a te d  i n  sodium hyd ro x id e  s o l u t i o n  f o r  s e v e r a l  hou rs  and th e  
p ro d u c t  was i s o l a t e d  as an orange o i l  which d i s s o lv e d  in  b i ­
c a rb o n a te  s o l u t i o n  w i th  th e  e v o lu t io n  o f  a gas and whose pmr 
spec trum  c o n ta in e d  a  broad  s i n g l e t  a t  10.6 ppm which i s  i n ­
d i c a t i v e  o f a c a rb o x y l ic  a c id .  A s o l u t io n  o f  t h i s  p ro d u c t  
i n  m ethano l was s a t u r a t e d  w i th  hydrogen bromide gas and 
a llow ed t o  s ta n d  a t  room te m p e ra tu re .  The p ro d u c t  was i s o l a ­
te d  as an orange o i l  whose s p e c t r a l  d a ta  cou ld  r e a d i l y  be 
accommodated by a s s ig n in g  t o  i t  th e  s t r u c t u r e  o f  th e  m ethy l 
e s t e r  47„ The ass ign m en t o f  th e  2 -c h lo r o  isom er 47 r e s t s  on 
th e  p re sen c e  o f  an AB q u a r t e t  (ArH, J  = 5 Hz) c e n te re d  a t  
7 .65  ppm in  th e  pmr spectrum  o f  t h i s  compound.
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I t  must be conc lud ed , tha t;  u n d e r  th e  b a s i c  c o n d i t io n s  
u s e d ,  th e  b rom om ethy lpyrid ine  45. undergoes  i n t e r n a l  d i s p l a c e ­
ment by th e  t e r t i a r y  h y d roxy l group and th e n  s a p o n i f i c a t i o n  
o f  th e  e s t e r  t o  g iv e  th e  a c id  46 which i s  iso m e r ic  w i th  th e  
l a c to n e  3Jd. The re a so n  f o r  th e  p reponderance  o f  th e  i n t e r n a l  










b a s i c  s o l u t i o n .  T h is  would p o s s ib ly  p e rm it  th e  i n t e r n a l  
d is p la c e m e n t  to  be fa v o re d  s in c e  th e  n u c le o p h i l i c  hydro x ide  
a n io n  would n o t  be i n  a s  c lo s e  p ro x im ity  to  th e  bromine as  
would th e  h y d roxy l g roup .
In  o rd e r  to  c ircu m ven t t h i s  d i f f i c u l t y ,  th e  h y d r o ly s i s  
o f  45. was a t te m p te d  in  b a s i c ,  aqueous d im e th y ls u l fo x id e  (DMSO) 
s o l u t i o n .  The DMSO shou ld  s e rv e  two f u n c t io n s :  45 sh ou ld  ibe
more s o lu b le  in  aqueous DMSO th a n  in  w a te r  a lo n e  and , s in c e  
h y d ro x id e  i s  a  more p o w erfu l  n u c le o p h i le  in  DMSO th a n  in  
w a te r ,  h y d r o ly s i s  o f  th e  bromine w i th  hydrox ide  should  com­
p e te  s u c c e s s f u l l y  w i th  i n t e r n a l  d is p la c e m e n t .  However, when 
45 was added to  a  2 N p o ta s s iu m  hydrox id e  s o l u t i o n  i n  1:1  
DMSO—w a te r ,  and th e  s o l u t i o n  was a llow ed  to  s ta n d  f o r  3 h r s ,  
th e  a c id  46^  was a g a in  i s o l a t e d  in  597. c rude  y i e l d .  The 
a ss ig n m en t o f  t h i s  s t r u c t u r e  r e s t s  on th e  p re sen c e  o f  an AB 
q u a r t e t  (ArH, J  -  4 .5  Hz) c e n te re d  a t  8 .0  ppm, and a s i n g l e t  
a t  11.6  ppm in  th e  pmr spectrum  o f  th e  p ro d u c t .  T h is  p ro d u c t
was e s t e r i f i e d  as b e fo re  w i th  m ethano l and hydrogen  bromide 
to  g iv e  th e  m ethy l e s t e r  4 7 .
The re a so n  f o r  th e  fo rm a t io n  o f  on ly  one o f  th e  two 
p o s s ib l e  isom ers  o f  46 and 47 i s  p r e s e n t l y  u n c e r t a i n .  Com­
pound 44 i s  u n q u e s t io n a b ly  a m ix tu re  o f  2 - and 6 - c h l o r o p y r i -  
d in e s  as  shown from th e  two m ethy l s i g n a l s  and th e  two s e t s  
o f  a ro m a tic  s i g n a l s  in  th e  pmr spec trum . S ince  b ro m in a tio n  
o f  44 removes b o th  m ethy l s i g n a l s ,  i t  must be concluded  t h a t  
b o th  iso m ers  were b ro m in a te d .  P o s s ib ly ,  u n d e r  th e  b a s ic  
c o n d i t io n s  employed, th e  6 - c h lo ro  isom er o f  45_ i s  t ra n s fo rm e d  
t o  an a -p y r id o n e  which i s  n o t  i s o l a t e d ;  however, p r e s e n t l y ,  
no d e f i n i t e  c o n c lu s io n s  can be drawn.
Since  i t  was a p p a re n t  t h a t  b a s i c  h y d r o ly s i s  o f  th e  
bromomethyl group would n o t  le a d  to  th e  d e s i r e d  l a c to n e ,  i t  
was d e c id ed  to  a t te m p t  th e  h y d r o ly s i s  und er  a c i d i c  c o n d i t i o n s .  
A c c o rd in g ly ,  45 was h e a te d  o v e rn ig h t  w i th  f i v e  e q u iv a le n t s  o f  
p o ta s s iu m  a c e t a t e  in  a c e t i c  a c id .  Subsequent b a s i f i c a t i o n  
gave th e  a c e t a t e  48 as  a  d a rk  o i l  in  good y i e l d .  Assignment 
o f  t h i s  s t r u c t u r e  r e s t s  on th e  pmr spectrum  o f  th e  p ro d u c t ,  
w hich shows a m u l t i p l e t  a t  2 .1  ppm f o r  th e  a ce to x y  m ethy l 
g ro u p , and a  m u l t i p l e t  c e n te re d  a t  8 .0  which resem b les  an 
AB q u a r t e t  superim posed  upon two s i n g l e t s  a t  7 .5  and 8 .5  ppm 
f o r  th e  a ro m a tic  p r o to n s .  T h is  m u l t i p l e t  i s  c h a r a c t e r i s t i c  
o f  th e  p a t t e r n  found f o r  th e  m ix tu re  o f  2 -  and 6 - c h l o r o -  
p y r id in e s  i n  compounds 44a and 4 4b .
H ea tin g  th e  a c e t a t e  48 under  r e f l u x  in  a IN s o l u t io n  
o f  p o ta s s iu m  hydro x ide  in  aqueous m ethano l f o r  s e v e r a l  hours 
g a v e ,  a f t e r  a c i d i f i c a t i o n  and th e n  b a s i f i c a t i o n  w i th  sodium 
b ic a r b o n a t e ,  th e  la c to n e  3b in  m odera te  y i e l d  (23% from the  
N -oxide 4 3 ) .  The a ss ignm en t o f th e  s t r u c t u r e  3b t o  t h i s  
p ro d u c t  r e s t s  on th e  i n f r a r e d  and pmr s p e c t r a .  The p resen ce  
o f  a b s o r p t io n  bands a t  3230 and 1760 cm ^ in  th e  i n f r a r e d
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spectrum  i s  due to  th e  h y d rox y l and la c to n e  c a rb o n y l  g ro u p s ,  
r e s p e c t i v e l y .  In  th e  pmr spec trum , th e  p re se n c e  of a t r i p l e t  
a t  0 .95  ppm (m ethyl)  and a m u l t i p l e t  a t  1 .77 ppm (m ethylene) 
f o r  th e  e t h y l  g roup , a  b road  s i n g l e t  a t  4 .3 3  ppm (h y d ro x y l) ,  
an AB q u a r t e r  c e n te r e d  a t  5 .32  ppm due to  th e  d i a s t e r e o t o p i c  
hydrogens o f  th e  m e th y len e ,  and two d o u b le ts  a t  7 .30 and 8 .16 
ppm, due t o  th e  AB q u a r t e t  o f  th e  a ro m a tic  hy d ro g en s , con­
f i rm s  th e  l a c to n e  s t r u c t u r e .  The la c to n e  3b was sublim ed 
t h r e e  t im es  u n d e r  reduced  p r e s s u re  t o  g iv e  an a n a l y t i c a l  
sample w hich gave p ro p e r  e le m e n ta l  a n a ly s e s  f o r  s t r u c t u r e  3 b . 
L actone 3b was th e  on ly  one o f  th e  two p o s s ib l e  iso m e r ic  
l a c to n e s  i s o l a t e d .  I t  must be concluded  t h a t  th e  i so m e r ic  
6 - c h lo r o p y r id in e  la c to n e  e i t h e r  does n o t  form under th e  r e ­
a c t io n  c o n d i t i o n s ,  o r  i s  t ran s fo rm e d  u n d e r  th e s e  c o n d i t io n s  
to  some o th e r  p ro d u c t  which i s  n o t  i s o l a t e d .
The s y n th e s i s  o f  th e  2 - c h lo r o p y r id in e  la c to n e  3b 
com pleted th e  s y n t h e t i c  i n v e s t i g a t i o n  o f  th e  D- and E - r in g s  
o f  c am p to th e c in .  P r e s e n t  e f f o r t s  a re  underway in  th e s e  
L a b o r a to r i e s  t o  p re p a re  s u f f i c i e n t  amounts o f  th e  l a c to n e  
to  be s e n t  t o  th e  Drug Development B ranch, N a t io n a l  I n s t i ­
t u t e s  o f H e a l th ,  f o r  s c re e n in g  as  a p o t e n t i a l  a n t i c a n c e r  
a g e n t .  A lthough  th e  p y r id o n e  la c to n e  3c: was n o t  p re p a re d ,  
i t  i s  hoped t h a t  th e  p re s e n c e  o f  th e  c h lo ro  s u b s t i t u e n t  a t  
t h e  2 - p o s i t i o n  w i l l  im p a r t  t r a n s p o r t  and s i t e  l o c a l i z a t i o n  
p r o p e r t i e s  t o  3b which a r e  s i m i l a r  to  th o se  o f  cam p to th ec in  
i t s e l f .
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SECTION I I I  
EXPERIMENTAL
G enera l
M e ltin g  P o i n t s . M eltin g  p o in t s  were d e te rm in e d  w ith
a Thomas Hoover C a p i l l a r y  M e ltin g  P o in t  A ppara tus  and a r e  un ­
c o r r e c t e d  .
B o i l in g  P o i n t s . B o i l in g  P o in ts  were m easured a t  the
p r e s s u r e  in d ic a te d  in  p a re n th e s e s  and a re  u n c o r r e c t e d .
E le m e n ta l  A n a ly s e s . E le m e n ta l  a n a ly s e s  were d e t e r ­
mined a t  th e  U n iv e r s i ty  o f  New Hampshire w i th  an F & M Model 
185 c a rb o n , hydrogen , and n i t r o g e n  a n a ly z e r .  The a n a ly s e s  
o f  s e v e r a l  hydrobrom ide s a l t s  a re  s l i g h t l y  o f f  due t o  th e  
d i f f i c u l t y  en co u n te re d  in  p u r i f y in g  th e s e  compounds f o r  
s a t i s f a c t o r y  e le m e n ta l  a n a l y s i s .
I n f r a r e d  S p e c t r a . I n f r a r e d  s p e c t r a  were re c o rd e d  
on a  P e rk in -E lm er  Model 337 g r a t i n g  i n f r a r e d  sp e c t ro m e te r  and 
were c a l i b r a t e d  w i th  p o ly s ty re n e  a t  1601.4 o r  2850.7  and 
906 .7  cm"-*-. S o l id  sam ples were rec o rd ed  a s  KBr d i s c s  w h ile  
l i q u i d  o r  n o n c r y s t a l l i n e  sam ples were re c o rd e d  as  n e a t  f i lm s  
between sodium c h lo r id e  p l a t e s .
N uc lea r  M agnetic  Resonance S p e c t r a . A l l  n u c le a r  
m agn e tic  reso nance  s p e c t r a  (d e s ig n a te d  pmr) were re c o rd e d  on 
a  V arian  Model A-60 S p ec tro m ete r  and a re  r e p o r t e d  in  p a r t s  
p e r  m i l l i o n  ( S  ) from TMS. Samples re c o rd e d  in  CDCl^ c o n ta in  
1% TMS as an i n t e r n a l  s t a n d a r d ,  and sam ples re c o rd e d  i n  D^O 
a re  c a l i b r a t e d  w i th  TMS as  an e x t e r n a l  s t a n d a r d .  F o r  a l l  
compounds r e p o r t e d ,  th e  pmr spectrum  i s  e i t h e r  rep ro d u c ed  in  
Appendix B o r  g iv en  i n  th e  e x p e r im e n ta l  s e c t i o n  a s  fo l lo w s :
4).
pmr ( s o lv e n t )  «S in  ppm ( m u l t i p l i c i t y ,  number o f  hy d ro g en s , 
c o u p lin g  c o n s ta n t  in  H z). The d e s c r i p t i o n  o f  m u l t i p l i c i t y  
i s  s --- s i n g l e t ,  d = d o u b le t ,  dd = d o u b le t  o f  d o u b l e t s ,  t  = 
t r i p l e t ,  q = q u a r t e t ,  and m = m u l t i p l e t .
M a te r i a l s  and M ethods. A. R eagen ts :  . P - P i c o l in e -  
N -ox id e , a c e t y l  b rom ide , 85% m -ch lo ro p e rb e n zo ic  a c id  and 
e t h y l  p ro p io n a te  were purchased  from A ld r ic h  Chemical Company. 
D ie th y l  o x a l a t e ,  m ethy l io d id e ,  and a c e t i c  a n h y d r id e  were 
pu rch ased  from F i s h e r  Chemical Company, w h ile  a c e t y l  c h lo r id e  
and phosphorus t r i c h l o r i d e  were purchased  from  M a l l in c k r o d t . 
Hydrogen brom ide, hydrogen c h lo r i d e ,  and d im ethy lam ine  (g a se s )  
were pu rchased  from Baker Chemical Company, and N-bromo- 
su c c in im id e  and phosphorus t r ib ro m id e  were p u rch a se d  from 
Eastm an. Phosphorus o x y c h lo r id e  was pu rchased  from A l l i e d  
C hem ica ls . n - B u ty l l i th iu m  (1 .6  N in  hexane) was a  g enerous  
g i f t  from Foote  M in era l  Company, and th e  a c t i v a t e d  manganese 
d io x id e  was p re p a re d  by George Heavner of ou r  l a b o r a t o r i e s .
W-2 Raney n i c k e l  was p rep a red  a cc o rd in g  to  R e fe ren ce  57 and 
was s to r e d  und er  m ethano l in  a screw cap b o t t l e  a t  0-5° f o r  
up to  one y e a r  w i th o u t  a p p a re n t  lo s s  o f  a c t i v i t y .  Lead t e t r a ­
a c e t a t e  was p re p a re d  and ana lyzed  acc o rd in g  t o  R eference  59.
B. S o lv e n ts :  The fo l lo w in g  s o lv e n ts  were u sed  w i th ­
o u t  a d d i t i o n a l  p u r i f i c a t i o n :  t e r t - b u t y l  a lc o h o l ,  c h lo ro fo rm ,
d im e th y l  s u l f o x i d e ,  drum e t h e r ,  e t h y l  a c e t a t e ,  and m ethy l 
e t h y l  k e to n e .  Benzene and anhydrous e th e r  were s to r e d  over 
sodium w ire ,  w h ile  m ethanol and pen tane  were d i s t i l l e d .  D i­
me thyIform am ide was d i s t i l l e d  from barium  o x id e ;  glyme and 
t e t r a h y d r o f u r a n  were d i s t i l l e d  from ca lc iu m  h y d r id e  and 
s to r e d  over 4-A m o le c u la r  s i e v e s .  Carbon t e t r a c h l o r i d e  was 
s to r e d  over 4-A m o le c u la r  s i e v e s .
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C. P ro d u c ts :  U n le ss  o th e rw ise  i n d i c a t e d ,  th e
y i e l d s  o f  th e  p ro d u c ts  a re  r e p o r te d  a s  the  c rude  p ro d u c ts  
w hich  no rm ally  were of s u f f i c i e n t  p u r i t y  to  be used  in  th e  
fo l lo w in g  s y n t h e t i c  s te p  w i th o u t  a d d i t i o n a l  p u r i f i c a t i o n .  
I n f r a r e d  s p e c t r a  were re c o rd e d  from th e  a n a l y t i c a l l y  pure  
sam ples and pmr s p e c t r a  were reco rd ed  from th e  c rude  sam ples .
D. Thin Layer Chromatography: TLC was perform ed 
e i t h e r  on s i l i c a  g e l - c o a t e d  m icroscope  s l i d e s  or (when i n d i ­
c a te d )  on Eastman p re - c o a te d  ch rom atograph ic  s t r i p s .
E. E x p e r im e n ta l  Methods: R eagents  were weighed to
th e  number o f s i g n i f i c a n t  f i g u r e s  shown and th en  th e  f i g u r e s  
were c o n v e r ted  t o  moles (mol) o r m i l l im o le s  (mmol). A f te r  
e x t r a c t i o n ,  th e  e x t r a c t  was f i l t e r e d  th ro u g h  the  d ry in g  
a g e n t  s p e c i f i e d  and th en  s t i r r e d  w i th  a d d i t i o n a l  d ry in g  
a g e n t  f o r  a t  l e a s t  0 .5  h r .  The e x t r a c t  was th en  f i l t e r e d  
w i th  s u c t io n  and th e  f i l t r a t e  was c o n c e n tr a te d  on a  r o t a t o r y  
e v a p o r a to r .
P r e p a r a t io n  o f  4 - N i t r o - p - p ic o l in e - N - o x id e  (5) . £3-
P ic o l in e  N -oxide (4) was n i t r a t e d  a c c o rd in g  to  th e  p ro ce d u re  
of T a y lo r  and C r o v e t t i . 66 Y ie ld s  ranged  from 60-75%: mp
135-136° ( l i t . 66 mp 1 3 6 -1 3 7 °);  i r  (Appendix A, F ig u re  1 ) .
A ttem pted  P r e p a r a t io n  o f D ie th y l  E t h y l - (3*-m e th y l-  
4*- p y r id y l ) - m a lo n a te  N-Oxide (7a) from 4 - N i t r o - p - p i c o l in e - N -  
ox ide  ( 5 ) . To 152 mg (0 .0060  g-atom ) o f  sodium in  10 ml o f  
a b s o lu te  e th a n o l  was added 1 .24  g (0 .0060 mol) o f  d i e t h y l  
e th y lm a lo n a te  ove r  5 min and th e  m ix tu re  was h e a ted  u n d e r  
r e f l u x  f o r  0 .25  h r .  The s o l u t io n  was th en  coo led  and 1 .00 g 
(0 .00648  mol) o f  4 - n i t r o - P - p ic o l i n e - N - o x id e  (5) was added in  
sm a l l  p o r t io n s  ov e r  5 m in. The r e a c t i o n  m ix tu re  tu rn e d  d a rk  
brown w i th  th e  i n i t i a l  a d d i t i o n  of th e  N -ox ide . The m ix tu re  
was h e a te d  under r e f l u x  f o r  2 h r ,  c o o le d ,  and s e v e r a l  d rop s  
o f  a c e t i c  a c id  were added to  b r in g  th e  s o l u t i o n  to  pH 6 . The 
e th a n o l  was removed under  reduced  p r e s s u r e ,  and th e  r e s i d u a l  
b la c k  gum was d i s s o lv e d  in  w a te r  and e x t r a c t e d  w i th  t h r e e  50- 
ml p o r t i o n s  of c h lo ro fo rm . The e x t r a c t  was washed w i th  w a te r ,  
d r i e d  (K^CO^), and th en  f i l t e r e d  th ro u g h  a pad o f  sodium 
s u l f a t e .  E v a p o ra t io n  o f  th e  s o lv e n t  un der reduced  p r e s s u r e  
a f f o rd e d  a d a rk  brown o i l .  The p ro d u c t  was b o i le d  w i th  
e t h e r  f o r  1 h r  and th e  e t h e r  was c o n c e n tr a te d  t o  g iv e  s t a r t ­
in g  m a t e r i a l  5_: mp 128-133°, m ix tu re  mp 131-134°. The
m a t e r i a l  i n s o lu b le  in  th e  e t h e r  was d i s s o lv e d  in  ace to n e  and 
th e  a c e to n e  was c o n c e n tr a te d  t o  a f f o r d  p a r t i a l  c r y s t a l l i z a ­
t i o n  o f  th e  p y rid one  9 a s  a  brown s o l i d :  mp 212-214° d
( l i t . 26 mp 2 1 5 -2 1 6 °) ;  i r  (KBr) 3400 and 1600 cm"1 .
P r e p a r a t io n  o f  4 -B ro m o -P -p ico l in e -N -o x id e  (6^ ) . 4 -
N i t ro - (3 -p ic o l in e -N -o x id e  (5) (91 .3  g ,  0 .593 mol) was added, 
in  sm a ll  p o r t i o n s  w ith  s t i r r i n g ,  to  i c e - c o ld  a c e t y l  bromide 
(250 m l ) . The r e a c t i o n  m ix tu re  was warmed on a w a te r  b a th  
u n t i l  an exo th e rm ic  r e a c t i o n  had begun, and th en  th e  h e a t
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was removed, and th e  r e a c t i o n  a llow ed t o  c o n t in u e  w i th  a l t e r ­
n a te  c o o lin g  and m ild  h e a t in g  u n t i l  th e  e x o th e rm ic  r e a c t i o n  
had ceased  (0 .5  h r ) .  The r e a c t i o n  m ix tu re  was th e n  h e a te d  
u n d e r  r e f l u x  w i th  s t i r r i n g  on th e  w a te r  b a th  f o r  one a d d i t i o n a l  
h o u r .  A f te r  t h i s  t im e ,  th e  m ix tu re  was coo led  in  an i c e  b a th  
and th e n  poured c a u t io u s ly  over  c rushed  i c e .  The aqueous 
s o l u t i o n  was n e a r ly  s a t u r a t e d  w i th  s o l i d  ICjCO  ^ and th e n  e x ­
t r a c t e d  w i th  s e v e r a l  p o r t io n s  o f  ch lo ro fo rm . The e x t r a c t  was 
d r i e d  (K.C0„) and c o n c e n tr a te d  under  reduced  p r e s s u r e  t o  g iv e
o  o  O']
93 .2  g (84%) o f  6 : mp 100-102°, ( l i t .  mp 1 1 0 -111 °) :  i r
(Appendix A, F ig u re  2 ) ;  pmr (CDCl^) S  2 .37  ( s ,  3H), 7 .50  ( d , 
1H), 8 .08  (dd , 1H), 8 .25 ( s ,  1H).
A ttem pted P r e p a r a t io n  o f  D ie th y l  E t h y l - (3 ’ -m ethy1- 
4 ’ -p y r id y l ) -m a lo n a te  N-Oxide (7a) i n  benzene . To 270 mg 
(6 .3  mmol) o f  567o sodium h y d r id e  ( in  o i l )  suspended in  15 ml 
o f  anhydrous benzene was added 1.20 g (6 .4  mmol) o f  d i e t h y l  
e th y lm a lo n a te  in  10 ml o f  benzene over a  2-3 min p e r io d .  The 
m ix tu re  was s t i r r e d  a t  am bient te m p e ra tu re  f o r  0 .5  h r  and 
th en  h e a ted  und er  r e f l u x  f o r  an a d d i t i o n a l  0 .5  h r .  The r e ­
s u l t a n t  c l e a r ,  orange s o l u t i o n  was coo led  to  room te m p e ra tu re  
and th e n  1 .00 g (5 .3  mmol) o f 4 -b ro m o -p -p ic o l in e -N -o x id e  (6) 
was added in  one p o r t i o n .  The r e s u l t a n t  brown m ix tu re  was 
h e a te d  under g e n t l e  r e f l u x  f o r  12 h r  and th en  f i l t e r e d ,  and 
th e  f i l t r a t e  was c o n c e n tr a te d  under reduced  p r e s s u r e ,  a f f o r d ­
in g  a  b la c k  o i l y  r e s i d u e .  The r e s id u e  was washed th o ro u g h ly  
w i th  hexane , then  combined w i th  th e  f i l t e r  cake from th e  f i l ­
t r a t i o n ,  and d i s s o lv e d  in  w a te r .  The aqueous s o l u t io n  was 
e x t r a c t e d  w i th  s e v e r a l  p o r t io n s  o f  ch lo ro fo rm , and th e  e x ­
t r a c t  was d r i e d  (K^CO^) and c o n c e n tr a te d  u nder reduced  
p r e s s u r e  to  a f f o r d  550 mg o f  a ta n  s o l i d  xvhich was shown to  
be s t a r t i n g  m a t e r i a l  by com parison o f  i t s  on TLC ( s i l i c a  
g e l )  w i th  an a u th e n t i c  sam ple.
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A ttem pted  P r e p a r a t io n  o f E th y l  Cyano(31" m e th y l-4 1- 
p y r i d y l ) - a c e t a t e  N-Oxide (7 c ) .  To 460 mg (10 .7  mmol) of 
56% sodium h y d r id e  ( in  o i l )  suspended in  15 ml of anhydrous 
benzene was added 1.20  g ( 10.6  mmol) o f  e t h y l  c y a n o a c e ta te  
i n  10 ml o f  b enzene . To th e  r e s u l t a n t  e m u ls i f i e d  so d io  
d e r i v a t i v e  was added an a d d i t i o n a l  10 ml o f  benzene fo llow ed  
by 1.00 g (5 .3 2  mmol) o f  4 -b rom o-f3 -p ico line-N -ox ide  (6 ) .  The 
r e a c t i o n  m ix tu re  was h e a te d  under r e f l u x  f o r  20 h r ,  and an 
a d d i t i o n a l  25 ml o f  benzene was added a f t e r  15 h r  t o  r e p la c e  
some o f  th e  e v a p o ra te d  s o l v e n t .  The r e a c t i o n  m ix tu re  was 
th e n  c o o le d ,  25 ml o f w a te r  was added , and th e  o rg a n ic  and 
aqueous l a y e r s  were s e p a r a te d .  The aqueous l a y e r  was s a t u r ­
a te d  w i th  s o l i d  and th en  e x t r a c t e d  w i th  f i v e  75-ml
p o r t i o n s  o f c h lo ro fo rm . The e x t r a c t  was washed xdLth two 
p o r t i o n s  o f  w a te r ,  d r i e d  (l^CO^), and c o n c e n tra te d  under  r e ­
duced p r e s s u r e  t o  a f f o r d  a ye llo w  o i l  which c r y s t a l l i z e d  when
31t r e a t e d  w i th  hexane to  g iv e  300 mg o f  J5: mp 65-68° . An
i r  spectrum  o f  t h i s  p ro d u c t  was i d e n t i c a l  w i th  t h a t  of 
a u th e n t i c  6_.
Low Y ie ld  P r e p a r a t io n  o f D ie th y l  (3 ' -M e th y l-4 1 - 
p y r id y l ) - m a lo n a te  N-Oxide (7b) in  Benzene. To 230 mg (5 .3 6  
mmol) o f  56% sodium h y d r id e  ( in  o i l )  suspended in  5 ml of 
anhydrous benzene was added 850 mg (5 .3 4  mmol) o f  d i e t h y l  
m a lo n a te  i n  5 ml o f  benzene . An a d d i t i o n a l  10 ml o f  benzene 
was added t o  th e  r e s u l t a n t  e m u ls i f i e d  so d io  d e r i v a t i v e  and 
th e n  1 .00 g (5 .32  mmol) o f 4 -b ro m o -P -p ic o l in e -N -o x id e  (6_) 
was added . The r e a c t i o n  m ix tu re  was h e a ted  under r e f l u x  f o r  
24 h r ,  th en  c o o le d ,  poured i n t o  w a te r ,  and s a t u r a t e d  w ith  
s o l i d  I^CO^. The s o l u t io n  was e x t r a c t e d  w i th  s e v e r a l  p o r ­
t i o n s  o f  c h lo ro fo rm , and th e  e x t r a c t  was d r i e d  (K^CO^) and 
c o n c e n t r a te d  u n d e r  reduced  p r e s s u r e  to  g iv e  a brown o i ly  
s o l i d  which was r e c r y s t a l l i z e d  from hexane to  g iv e  a m ix tu re
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of  7b. and s t a r t i n g  m a t e r i a l  6 i n  a  r a t i o  o f  1 :9 :  pmr (CDCl^)
<S 1.30 ( t ) ,  2 .35  ( s ) ,  3 .30  ( s ) , 4 .25  ( q ) , 7 .42  ( d ) , 7 .96  ( d d ) , 
8 .10  ( s ) . I n t e g r a t i o n  o f  th e  s i g n a l s  a t  S  1.30 (CH^CH^) and
2 .3 5  (PyCHg) i n d ic a t e d  th e  r e l a t i v e  amounts o f  th e  p ro d u c ts  
r e p o r t e d  above.
A ttem pted  P r e p a r a t io n  o f  D ie th y l  (3*-M e th y l-4 1- 
p y r id y l ) - m a lo n a te  N-Oxide (7b) in  D im ethylform am ide. To 460 
mg (10 .7  mmol) o f  56% sodium h y d r id e  ( i n  o i l )  suspended in  3 
ml o f  d ry  DMF was added 1.70 g (10 .7  mmol) o f  d i e t h y l  m alo na te  
i n  1 ml o f  DMF w i th  e x t e r n a l  c o o l in g .  4 -B ro m o -P -p ico lin e -N - 
ox id e  (6.) (1 .0 0  g ,  5 .32  mmol) was th en  added and th e  r e a c t i o n  
m ix tu re  was h e a te d  on a steam  b a th  f o r  17 h r  and th e n  d i l u t e d  
w i th  30 ml o f  w a te r .  The s o l u t i o n  was c o n c e n tr a te d  n e a r ly  t o  
d ry n e s s  u n d e r  reduced  p r e s s u r e ,  and th e  r e s id u e  was d i s s o lv e d  
i n  75 ml o f  w a te r .  The aqueous l a y e r  was s a t u r a t e d  w i th  
s o l i d  and e x t r a c t e d ' w i th  f i v e  75-ml p o r t io n s  o f c h lo r o ­
form . The e x t r a c t  was d r i e d  (I^CO^) and c o n c e n tr a te d  u n der  
redu ced  p r e s s u r e  t o  g iv e  a  d a rk  brown o i l  which s o l i d i f i e d  
on t r e a tm e n t  w i th  benzene. The s o l i d  p ro d u c t  was washed 
th o ro u g h ly  w i th  hexane to  g iv e  700 mg o f  a  brown s o l i d  whose 
i r  spectrum  was i d e n t i c a l  to  t h a t  o f th e  s t a r t i n g  m a t e r i a l .
P r e p a r a t io n  o f  E th y l  E th o x a ly lp ro p io n a te  ( 1 2 ) . E th y l  
e th o x a ly lp r o p io n a t e  (12) was p re p a re d  by th e  C la is e n  conden­
s a t i o n  of e t h y l  p ro p io n a te  and d i e t h y l  o x a la te  a c c o rd in g  to
33th e  method o f  Cox and McElvain.
P r e p a r a t io n  o f  E th y l  a -K e to b u ty ra te  (1 3 ) .  A ccording
^  /  1 *
t o  th e  method o f  Vogel and Schinz , e t h y l  e th o x a ly lp r o p io n a te  
(12) (200 g ,  0 .99  mol) was h e a ted  u nder r e f l u x  f o r  2 .5  h r  in  
a  s o l u t io n  o f  400 ml o f  c o n c e n tra te d  HC1 and 800 ml of w a te r .  
The a c i d i c  s o l u t i o n  was coo led  to  room te m p e ra tu re  and th en  
s a t u r a t e d  w i th  NaCl and e x t r a c t e d  c o n t in u o u s ly  w i th  e t h e r  f o r  
22 h r .  The e x t r a c t  was d r i e d  (Na2S0^) and th en  c o n c e n tra te d
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un d e r  reduced  p r e s s u r e .  The r e s i d u a l  l i q u i d  was h e a te d  under  
r e f l u x  f o r  3 h r  w i th  200 ml o f benzene and 175 ml o f  a b s o lu te  
e th a n o l  c o n ta in in g  3 ml o f  cone HC1. During t h i s  p e r io d ,  300 
ml o f  a z e o tro p e  was removed v i a  a D ean -S ta rk  t r a p .  The r e s i ­
due from th e  e s t e r i f i c a t i o n  was f r a c t i o n a t e d  th ro u g h  a 6- in  
V ig reau x  column t o  g iv e  96 .6  g (75%) o f  JJ3: bp 70-77° (23
Q  /  *1
mm) ( l i t .  59° a t  11 mm); i r  (n e a t )  1740 cm ; pmr (n e a t )
1 .06  ( t ,  3H), 1 .33  ( t ,  3H), 2 .83  (q , 2H), 4 .3 0  (q , 2H ).
P r e p a r a t io n  o f  4 -B ro m o -p -p ico lin e  (14a) and 4 - N i t r o -
3 - p i c o l in e  (19) from 4 - N i t ro -P - p ic o l in e - N -o x id e  (5) and PBr^.
—
A ccord ing  to  th e  method o f  Abramovitch and Saha , a  s o l u t io n  
o f  4 - n i t r o - P - p i c o l i n e - N - o x id e  (5) (10 .0  g ,  64 .0  mmol) and 
PBr^ (72 g) in  e t h y l  a c e t a t e  (300 ml) was h e a te d  u n d e r  r e ­
f l u x  f o r  0 .5  h r .  The r e a c t i o n  m ix tu re  was coo led  t o  room 
te m p e ra tu re  and th en  poured  in to  w a te r .  The aqueous s o lu ­
t i o n  was e x t r a c t e d  w i th  s e v e r a l  p o r t io n s  o f  e t h e r  and th en  
n e u t r a l i z e d  w i th  s o l i d  K^CO^ w h ile  th e  i n t e r n a l  te m p e ra tu re  
was h e ld  below 25° . T h is  s o l u t i o n  was e x t r a c t e d  w i th  s e v e r a l  
p o r t i o n s  o f  e t h e r ,  and th e  e x t r a c t  was d r i e d  (I^CO^) and 
c o n c e n t r a te d  u n d e r  reduced  p r e s s u r e .  The r e s i d u a l  l i q u i d  
was d i s t i l l e d  a t  reduced  p r e s s u r e  (15 mm) ove r  a wide temp­
e r a t u r e  ran g e  t o  g iv e  5 .7  g of 14a and 1£ as a y e l lo w  l i q u i d :  
i r  ( n e a t )  1520 and 1360 cm pmr (n e a t)  2 .2 8  ( s ) , 2 .55  ( s ) ,  
7 .3 8  ( d ) ,  7 .75  ( d ) , 8 .17  ( d ) ,  8 .30  ( s ) ,  8 .62  ( d ) , 8 .62  ( s ) . 
I n t e g r a t i o n  o f th e  m e th y l s i g n a l s  a t  2 .28  ppm f o r  14a and 
2 .55  ppm f o r  19. showed them to  be in  th e  r a t i o  o f  1 :3 .
P r e p a r a t io n  o f  4 -B ro m o -3 -p ico lin e  ( 14a) from 4-Bromo-
3 -p ic o l in e - N - o x id e  (6 ) and PClg. To 9 .00  g (4 7 .8  mmol) o f
4-b rom o-f3 -p ico line~ N -ox ide  (6} in  225 ml o f  i c e - c o l d  c h lo r o ­
form was added 45 ml o f  PCI3 in  sm a ll  p o r t i o n s .  The s o l u t io n  
was h e a te d  under  r e f l u x  in  a w a te r  b a th  fo r  0 .5  h r ,  and th en  
c o o le d ,  and poured o n to  c rushed  i c e .  The aqueous and o rg an ic
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l a y e r s  were s e p a r a te d  and th e  aqueous l a y e r  was r a i s e d  to  pH 
8 w i th  s o l i d  K2^°3 w^ ^ - e t i^e i n t e r n a l  te m p e ra tu re  was main­
t a in e d  a t  l e s s  th an  25° . The aqueous l a y e r  was e x t r a c t e d  
w i th  f i v e  100 ml p o r t io n s  o f  e t h e r .  The e x t r a c t  was d r i e d  
(K^COg) and c o n c e n t r a te d  under reduced  p r e s s u r e  and the  
r e s i d u a l  l i q u i d  was d i s t i l l e d  t o  g iv e  6 .0  g (73%) o f  14a: 
bp 40° ( 1 .1  mm); i r  (n e a t )  1550 and 818 cm \  The p ro d u c t  
decomposed on s ta n d in g  o v e rn ig h t ,  w i th  d e p o s i t i o n  o f  a s o l i d  
m a t e r i a l .
P r e p a r a t io n  o f  4 -B rom o-fi-p ico lin e  H y d ro c h lo r id e  
(l4a«HCl) from 4 -B ro m o -ft-p ico lin e -N -o x id e  (6j  and Raney 
N ick e1-Hydrogen. A s o l u t i o n  o f  4 -b ro m o -P -p ic o l in e -N -o x id e
( 6.) (20 .0  g ,  0 .106  mol) in  200 ml o f  m ethano l was reduced  
w i th  (1 atm over w a te r )  over abou t 3 g o f  W-2 Raney n i c k e 1*^ 
u n t i l  hydrogen u p tak e  had ceased  (3 h r ) .  A t o t a l  o f  2520 ml 
o f  hydrogen (abo u t 93% o f  th e  t h e o r e t i c a l  amount) was a b so rb e d . 
The r e a c t i o n  m ix tu re  was f i l t e r e d  th ro u g h  a pad o f  C e l i t e ,  and 
th e  f i l t r a t e  was c o n c e n tr a te d  u n d e r  reduced  p r e s s u r e  to  r e ­
move most of th e  m e th an o l .  The r e s i d u a l  l i q u i d  was d i l u t e d  
w i th  600 ml o f  d ry  e t h e r ,  and th e  m ix tu re  was f i l t e r e d .  The 
f i l t r a t e  was t r e a t e d  w i th  gaseous HC1, and th e  h y d ro c h lo r id e  
s a l t  was c o l l e c t e d  by f i l t r a t i o n ,  washed w i th  s e v e r a l  p o r ­
t i o n s  o f e t h e r ,  and th e n  d r i e d  i n  a vacuum d e s i c c a t o r  to  
g iv e  18 .4  g (83%) o f  4 -b ro m o -P -p ic o l in e  h y d ro ch lo r j .d e  (14a«HCl) 
mp 177-179°; i r  (Appendix A, F ig u re  3 ) ;  pmr (Appendix B,
F ig u re  1 ) .  An a n a l y t i c a l  sample was p re p a re d  by two r e c r y s t a l ­
l i z a t i o n s  of t h e  s a l t  from a c e t o n i t r i l e —e t h e r  to  g iv e  pure 
14avHCl, mp 178-179° .
A nal. Calcd f o r  C.H^BrClN: C, 3 4 .5 3 ;  H, 3 .3 5 ;  N,  6 7
6 .7 1 .  Found: C, 3 4 .3 8 ;  H, 3 .1 5 ;  N, 6 .5 9 .
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P r e p a r a t io n  o f  E th y l  2 -H y d ro x y -2 -(3 1-m e th y l-4 1- p y r i d y l ) - 
b u t y r a t e  ( 8)  from D i s t i l l e d  4-Brom o-f3-p icoline  ( 1 4 a ) . Under 
a  p o s i t i v e  p r e s s u r e  o f d ry  n i t r o g e n ,  a s o l u t i o n  of f r e s h l y  
d i s t i l l e d  4 -b ro m o -p -p ic o l in e  (14a) (16.2  g ,  94 .2  mmol) in  125 
ml o f d ry  e t h e r  was coo led  t o  -50° in  an a d d i t i o n  fu n n e l  s u r ­
rounded by Dry I c e .  T h is  s o l u t i o n  was added d ropw ise  over 
0 .5  h r  t o  a  s t i r r e d  s o l u t i o n  o f  10 .0  mmol o f  n - b u t y l l i t h i u m  
in  66 ml o f  hexane and 100 ml o f  e t h e r  which was h e ld  in  a  
Dry I c e —2 -p ro p a n o l  b a th .  The r e a c t i o n  m ix tu re  was s t i r r e d  
f o r  an a d d i t i o n a l  0 .25  h r  and th en  14.0 g (108 mmol) o f  e t h y l  
a - k e t o b u ty r a t e  in  100 ml o f  e t h e r  was added over 10 m in. The 
r e a c t i o n  m ix tu re  was s t i r r e d  f o r  an a d d i t i o n a l  0 .3  h r  and th en  
a llow ed  to  warm to  -3 0 ° .  To t h i s  m ix tu re  was added dropw ise  
40 ml o f  10% HC1 and t h i s  m ix tu re  was s t i r r e d  v ig o ro u s ly  
u n t i l  th e  te m p e ra tu re  had reach ed  0 ° .  The o rg a n ic  l a y e r  was 
e x t r a c t e d  fo u r  t im es  w i th  30-ml p o r t io n s  o f  107. HC1. The 
combined a c i d i c  e x t r a c t  was e x t r a c t e d  w ith  th r e e  5 0 -ml p o r ­
t i o n s  o f  e t h e r ,  and th e  a c i d i c  s o l u t io n  was th en  b a s i f i e d  
w i th  s o l i d  Na^CO^. The b a s i c  s o l u t i o n  was e x t r a c t e d  w ith  
t h r e e  200 m l- p o r t io n s  o f  e t h e r ,  and th e  e x t r a c t  was d r ie d  
(i^COg) and c o n c e n tr a te d  u n d e r  reduced  p r e s s u r e  to  g iv e  an 
o range  o i l  which p a r t i a l l y  c r y s t a l l i z e d  upon s ta n d in g  f o r  18 
h r  in  an e th e r - p e n ta n e  s o l u t i o n  i n  the  r e f r i g e r a t o r .  The 
p ro d u c t  was i s o l a t e d  and washed w i th  co ld  pen tane  t o  g ive
6 .5  g (31%,) o f  crude  8_: mp 7 0 -7 3° ;  i r  (Appendix A, F ig u re  4 ) ;
pmr (Appendix B, F ig u re  2 ) .  An a n a l y t i c a l  sam ple , mp 7 0 -71° , 
was p re p a re d  by vacuum s u b l im a t io n .
A nal. Calcd f o r  C12H17N03 : C, 6 4 .57 ;  H, 7 .6 2 ;  N,
6 .2 8 .  Found: C, 6 4 .5 4 ;  H, 7 .7 9 ;  N, 6 .2 8 .
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P r e p a r a t io n  o f  E th y l  2 -H ydrox y -2 -(3 ' -m e th y l-4 * - p y r i d y l )  -
b u t y r a t e  ( 8)  from 4-B rom o-f3-p icoline  H y droch lo r id e  ( 14a-H C l). 
4 -B ro m o -P -p ico l in e  h y d ro c h lo r id e  (14a»HCl) , (13 .5  g ,  64.5  
mmol) was b a s i f i e d  w i th  a co ld  s l u r r y  of cone s o l u t io n
and th e  b a s ic  s o l u t io n  was e x t r a c t e d  w i th  s e v e r a l  p o r t io n s  o f  
e t h e r  ( t o t a l  volume = 350 m l ) . The e x t r a c t  was d r i e d  (K^CO^) 
and c o n c e n t r a te d  t o  a  volume o f  125 m l. Under a  p o s i t i v e  
p r e s s u r e  o f  Ng (H^SO^— d r i e d ) , t h i s  e t h e r e a l  s o l u t io n  was 
added ove r  0 .5  h r  to  a v ig o r o u s ly  s t i r r e d  s o l u t i o n  o f  78 mmol 
o f  n - b u t y l l i t h i u m  in  50 ml o f  hexane and 80 ml o f  e th e r  k ep t  
i n  a  Dry I c e —2 -p ro p an o l  b a th .  The r e a c t i o n  m ix tu re  was 
s t i r r e d  f o r  an a d d i t i o n a l  0 .25 h r  and th en  10.0 g (76 .9  mmol) 
o f  e t h y l  a - k e to b u ty r a te  in  75 ml o f e t h e r  was added over  5 
m in . The r e a c t i o n  m ix tu re  was s t i r r e d  in  th e  co ld  b a th  f o r  
an a d d i t i o n a l  0 .5  h r  and th e n  th e  b a th  was removed and th e  
m ix tu re  a llow ed to  warm to  -3 0 ° .  At t h i s  t im e ,  50 ml o f  10% 
HCl was added , and th e  s o l u t i o n  was s t i r r e d  v ig o r o u s ly  f o r  
0 .25  h r .  Then th e  s o l u t i o n  was s a t u r a t e d  w i th  s o l i d  I<2®®3 
and f i l t e r e d  w i th  s u c t io n .  The in o rg a n ic  f i l t e r  cake was 
washed th o ro u g h ly  w i th  e t h e r ,  th e  o rg a n ic  and aqueous l a y e r s  
o f  th e  f i l t r a t e  were s e p a r a t e d ,  and th e  aqueous l a y e r  was ex ­
t r a c t e d  w i th  s e v e r a l  a d d i t i o n a l  p o r t io n s  o f  e t h e r .  The e x ­
t r a c t  was d r i e d  (I^CO^) and c o n c e n tr a te d  under reduced 
p r e s s u r e .  The r e s i d u a l  o range o i l  was t r i t u r a t e d  b r i e f l y  
w i th  p e n ta n e —e t h e r  in  an ic e  b a th ,  and th e  l i g h t  ta n  
c r y s t a l l i n e  p ro d u c t  was c o l l e c t e d  by f i l t r a t i o n  and washed 
th o ro u g h ly  w i th  co ld  p en tan e  to  g iv e  7 .5  g (527o) o f  8: mp
102-104°; i r  (Appendix A, F ig u re  4); pmr (Appendix B, F ig u re  
2 ) .
5 1
A ttem pted  P r e p a r a t io n  o f E th y l  2 -H y d ro x y -2 -(3 1-
a c e to x y m e th y l-4 1- p y r i d y l ) - b u t y r a t e  ( 1 6 ) « A m ix tu re  o f  500
mg (2 .2 4  mmol) o f  £3 and 2 .10 g (4 .45  mmol) o f  9470 pure  lead  
59t e t r a a c e t a t e  i n  10 ml o f  g l a c i a l  a c e t i c  a c id  was h e a te d  in
an o i l  b a th  a t  85° f o r  51 h r .  The r e a c t i o n  m ix tu re  was
coo led  to  room te m p e ra tu re  and abou t 1 ml o f  e th y le n e  g ly c o l  
was added to  decompose th e  e x ce ss  Pb(OAc)^. The s o l u t i o n  
was d i l u t e d  w i th  25 ml o f w a te r  and th e n  b a s i f i e d  w i th  s o l i d  
NaHCO^. The b a s i c  s o l u t i o n  was e x t r a c t e d  w i th  s e v e r a l  p o r ­
t i o n s  o f  c h lo ro fo rm , and th e  e x t r a c t  xvas d r i e d  (l^CO^) and 
th e n  c o n c e n t r a te d  under  reduced  p r e s s u r e  t o  g iv e  a  brown o i l  
w hich  was chrom atographed on s i l i c a  g e l  w i th  e t h e r  t o  g iv e  
150 mg (30%) o f  8 as a l i g h t  t a n  s o l i d :  mp 104-106°. An
i r  spectrum  o f  t h i s  m a t e r i a l  was i d e n t i c a l  t o  t h a t  o f  
a u th e n t i c  83.
A ttem pted  O x id a tio n  o f  E th y l  2 -H y d ro x y -2 -(3*-m e th y l- 
4* - p y r i d y l )  - b u t y r a t e  (85) w i th  A c t iv a te d  MnOg . A m ix tu re  of
■ - -> ■ -  j—
8. (500 mg, 2 .2 4  mmol) and a c t i v a t e d  MnO^ , (5 .0  g) in  c h lo r o ­
form (50 ml) was h e a te d  un der r e f l u x  w i th  s t i r r i n g  f o r  4 d a y s .  
The h o t  r e a c t i o n  m ix tu re  was f i l t e r e d  th ro u g h  a pad of 
C e l i t e ,  and th e  f i l t r a t e  was c o n c e n tr a te d  under reduced 
p r e s s u r e  to  g iv e  a y e llo w  o i l  which c r y s t a l l i z e d  on s c r a t c h ­
ing  to  g iv e  410 mg (82%) o f  8_: mp 109-111° . T h is  p ro d u c t
was i d e n t i f i e d  a s  s t a r t i n g  m a t e r i a l  (h ig h -m e l t in g  form) by 
com parison  w i th  an a u th e n t i c  sample o f  TLC ( s i l i c a  g e l ,  
e t h e r ) .
O x id a t io n  of E th y l  2 -H y d ro x y -2 -(3 1 -m e th y l-4 t - p y r i d y l ) - 
b u ty r a t e  (83) w i th  B uffered  KMnO^. A s o l u t i o n  o f  1 .24 g
(7 .8 5  mmol) o f  KMnO^  in  25 ml o f  w a te r  was added over 10 min 
t o  a  s o l u t io n  o f  83 (500 mg, 2 .2 4  mmol), MgSO^ (1 .3  g ) ,  15 ml 
o f  w a te r ,  and 5 ml of t e r t - b u t y l  a lc o h o l  which was h e ld  in  
an i c e  b a th .  The r e a c t i o n  m ix tu re  was s t i r r e d  f o r  an a d d i ­
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t i o n a l  0 .2 5  h r  in  th e  i c e  b a th ,  and th en  f o r  3 h r  a t  room 
te m p e ra tu re .  E th a n o l  was added t o  d e s t r o y  any e x c e s s  KMnO ,^ 
fo l lo w ed  by 10 ml o f  15% NaOH. The m ix tu re  was f i l t e r e d  
th ro u g h  a pad o f  C e l i t e  and th e  f i l t e r  cake was washed once 
w i th  15% NaOH, and th e n  w i th  c h lo ro fo rm . The f i l t r a t e  was 
e x t r a c t e d  a g a in  w i th  ch lo ro fo rm  and was th e n  a c i d i f i e d  to  pH
2-3  w i th  cone HC1. The a c i d i c  s o l u t io n  was b a s i f i e d  w i th  
NaHCO^ and e x t r a c t e d  w i th  s e v e r a l  p o r t io n s  o f  ch lo ro fo rm .
The e x t r a c t  was d r i e d  (I^CO^) and c o n c e n tr a te d  u n d e r  reduced  
p r e s s u r e  t o  g iv e  a sm a ll  amount o f  an o range o i l  18^ : i r
( n e a t )  1760 cm pmr (CDCl^) S 1 .00  ( t ,  3H ), 2 .0 0  (m, 2H),
5 .3 5  (dd , 1H), 7 .30  (d , 1H), 8 .65 (d , 1H), 8 .91  ( s ,  1H).
T h is  p ro d u c t  was n o t  c h a r a c t e r i z e d  f u r t h e r .
A ttem pted  O x id a tio n  o f E th y l  2 -H y d ro x y -2 -(3 1-m e th y l-  
4 ' - p y r i d y l ) - b u t y r a t e  (8) w i th  U nbuffered  KMnO^. A m ix tu re
o f  (500 mg, 2 .2 4  mmol), KMnO^  (1 .06  g ,  6 .7 2  mmol), 15 ml 
o f  w a te r ,  and 5 ml o f  t e r t - b u t y l  a lc o h o l  was s t i r r e d  a t  room 
te m p e ra tu re  f o r  10.5 h r .  Then 5 ml o f  10% HC1 was added 
fo l lo w ed  by 5 ml o f  40% NaHSO^ w ith  e x t e r n a l  c o o l in g .  The 
r e s u l t a n t  c l e a r  s o l u t i o n  was n e u t r a l  and t h e r e f o r e  an a d d i ­
t i o n a l  5 ml o f  HC1 s o l u t i o n  was added. The a c i d i c  s o l u t io n  
was b a s i f i e d  w i th  s o l i d  NaHCO^ and th e  b a s i c  s o l u t io n  was e x ­
t r a c t e d  w i th  t h r e e  50-ml p o r t io n s  o f ch lo ro fo rm . The e x t r a c t  
was d r i e d  (K^CO^) and c o n c e n tr a te d  under  red uced  p r e s s u r e  to  
g iv e  a  y e l lo w  o i l  which s o l i d i f i e d  upon s c r a t c h in g  u n der  
pen tane  t o  g iv e  230 mg (46%) o f  8_: mp 108-109° . An i r
spec trum  o f  t h i s  p ro d u c t  was i d e n t i c a l  t o  t h a t  o f  an a u th e n ­
t i c  sample o f  _8 .
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P r e p a r a t io n  of 4 - N i t r o n i c o t i n i c  A cid-N -oxide  (2 3 );  
Method A. 4 -N itro - (3 -p ic o l in e -N -o x id e  (5) (100 g , 0 .65  mmol) 
was d i s s o lv e d  in  400 ml o f  s u l f u r i c  a c id  w i th  e x t e r n a l  c o o l ­
in g .  T h is  s o l u t i o n  was th e n  added d ropw ise  over  2 .5  h r  t o  a 
v ig o r o u s ly  s t i r r e d  s l u r r y  o f  240 g o f  sodium d ich ro m ate  in  
400 ml o f  s u l f u r i c  a c id  in  a 3 -1  d i s t i l l i n g  f l a s k .  D uring  
th e  a d d i t i o n ,  th e  i n t e r n a l  te m p e ra tu re  o f  th e  r e a c t i o n  m ix­
t u r e  was m a in ta in e d  a t  5-8° by means o f  an i c e - s a l t  b a th .  
W ith  c o n s ta n t  s t i r r i n g ,  th e  r e a c t i o n  was a llow ed to  warm to  
25° over  2 h r  and th en  was m a in ta in e d  between 15-30° f o r  an 
a d d i t i o n a l  2 .5  h r .  The r e a c t i o n  m ix tu re  was th e n  warmed on 
a w a te r  b a th  f o r  3 .5  h r  w h ile  th e  i n t e r n a l  te m p e ra tu re  was 
m a in ta in e d  between 4 0 -5 5 ° . The r e a c t i o n  m ix tu re  was th en  
coo led  t o  20° and poured in  a  t h i n  s tream  over 2500 g of 
c ru sh ed  i c e .  The m ix tu re  was a llow ed  to  s ta n d  in  th e  r e ­
f r i g e r a t o r  o v e rn ig h t ,  and th e  l i g h t  g ree n  p ro d u c t  was c o l ­
l e c t e d  on a s i n t e r e d  g l a s s  f i l t e r  and washed w i th  s e v e r a l  
p o r t i o n s  o f i c e - c o l d  w a te r  and th en  s e v e r a l  p o r t io n s  o f co ld  
a c e to n e .  T h is  m a t e r i a l  was d r i e d  in  a vacuum d e s i c c a t o r  
o v e rn ig h t  to  g iv e  87 .7  g (737a) o f th e  a c id  23: mp 169°d
( l i t . ^  mp 172° d ) ; i r  (Appendix A, F ig u re  5 ) .
Method B. 4 -N i t r o -p - p ic o l in e - N - o x id e  (5_) (100 g ,  
0 .6 5  mol) was d i s s o lv e d  i n  400 ml o f  s u l f u r i c  a c id  w i th  e x ­
t e r n a l  c o o l in g .  T h is  s o l u t i o n  was th en  added d ropw ise  over
2 .5  h r  t o  a  v ig o r o u s ly  s t i r r e d  s l u r r y  o f  240 g o f sodium d i ­
chrom ate  in  400 ml o f  s u l f u r i c  a c id  in  a 3-1 d i s t i l l i n g  
f l a s k  which was k e p t  in  a l a r g e  i c e - s a l t  b a th .  The i n t e r n a l  
te m p e ra tu re  was a llow ed to  warm to  25° ov er  24 h r .  The r e ­
a c t i o n  m ix tu re  was poured on to  c rushed  i c e  and the  p ro d u c t  
i s o l a t e d  (same y i e l d )  as  in  Method A.
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P r e p a r a t io n  of 4 -B ro m o n ic o tin ic  A cid -N -ox ide  (2 5 ) .  
4 - N i t r o n i c o t i n i c  ac id -N -o x id e  (23) (70 .0  g ,  0 ,381  mol) was 
added s lo w ly  to  285 ml o f  co ld  a c e t y l  brom ide. The m ix tu re  
was th en  h e a te d  u n der  r e f l u x  in  a  w a te r  b a th  w i th  s t i r r i n g  
f o r  1 h r .  The r e a c t i o n  m ix tu re  was coo led  i n  an i c e  b a th ,  
and th e  s o l i d  p ro d u c t  was c o l l e c t e d  on a s i n t e r e d  g la s s  
f u n n e l .  T h is  m a t e r i a l  was washed w i th  co ld  ace to n e  and then  
t r i t u r a t e d  w i th  co ld  w a te r  f o r  1 h r .  The p ro d u c t  was c o l ­
l e c t e d  by f i l t r a t i o n  and washed w i th  co ld  w a te r  and th en  co ld  
a c e to n e .  D rying i n  a  vacuum d e s i c c a t o r  gave 62 .7  g (76%) of 
th e  a c id  25_ as an o f f  w h ite  s o l i d :  mp 155° d ;  i r  (Appendix
A, F ig u re  6 ) .  An a n a l y t i c a l  sample was p re p a re d  by two r e ­
c r y s t a l l i z a t i o n s  from w a te r  to  g iv e  25.: mp 167°d.
A n a l . Calcd f o r  CgH^NBrOy. C, 3 3 .0 2 ;  H, 1 .8 4 ;  N,
6 .4 2 .  Found: C, 32 .86 ; H, 1 .8 2 ;  N, 6 .3 5 .
P r e p a r a t io n  o f  4 - C h lo r o n ic o t in ic  A cid-N -oxide  ( 2 4 ) .
4 - N i t r o n i c o t i n i c  a c id -N -o x id e  (23) (80 .0  g ,  0 .434  mol) was 
t r e a t e d  w i th  a c e t y l  c h lo r id e  a c c o rd in g  to  th e  p rocedure  o f 
Rao**  ^ t o  g iv e  53.9  g (72%) of th e  a c id  24: mp 164-165°
( l i t . ^  mp 16 8 -1 7 0 °) ;  i r  (Appendix A, F ig u re  7 ) .
P r e p a r a t io n  o f M ethyl 4 -M e th o x y n ic o t in a te -N -o x id e  
(29) from 4 - N i t r o n i c o t i n i c  A cid-N -oxide  (23) and HC1 in
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M eth an o l. A ccording  to  th e  method o f  T a y lo r  and C r o v e t t i  , 
a  m ix tu re  o f  6 .00  g (32 .6  mmol) o f  4 - n i t r o n i c o t i n i c  ac id -N - 
ox id e  (23) and 120 ml o f  m ethano l was coo led  to  0° in  an 
i c e - s a l t  b a th  and t r e a t e d  w i th  gaseous HC1 f o r  10 min.
A f t e r  5 m in, s o l u t io n  was a c h ie v e d .  The r e a c t i o n  was h e a ted  
u n d e r  r e f l u x  f o r  2 h r ,  th e n  c o o le d ,  and most o f th e  m ethanol 
removed by d i s t i l l a t i o n  under reduced  p r e s s u r e .  The r e s i d u a l  
l i q u i d  was d i l u t e d  w ith  75 ml o f  co ld  w a te r  and b a s i f i e d  w ith  
s o l i d  yC O ^ . The b a s ic  s o l u t io n  was e x t r a c t e d  w i th  s e v e r a l  
p o r t i o n s  o f  c h lo ro fo rm , and th e  e x t r a c t  was d r i e d  (yC O ^)
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and c o n c e n t r a te d  under redu ced  p r e s s u r e  t o  g iv e  an o i l .  E th e r
was added t o  th e  p ro d u c t  and th e  o i l  c r y s t a l l i z e d  to  a w hite
f l u f f y  s o l i d  which was c o l l e c t e d  and washed w i th  e t h e r  to
49g ive  3 .4  g (57%) o f  29_; mp 101-104° ( l i t .  mp 1 4 1 -143 °) ;
49p i c r a t e  144-145.5° ( l i t .  1 46 -14 7°);  i r  (Appendix A, F ig u re  
8) ;  (Appendix B, F ig u re  3 ) .
P r e p a r a t io n  of M ethyl 4 -M e th o x y n ic o tin a te -N -o x id e  
(29) from 4 - N i t r o n i c o t i n i c  A cid-N -oxide  (23) and HBr in  
M e th an o l. A m ix tu re  o f  2 .00  g (10 .9  mmol) o f  4 - n i t r o n i c o -  
t i n i c  a c id -N -o x id e  (23) and 40 ml o f  m ethano l was coo led  to  
0° in  an i c e - s a l t  b a th  and t r e a t e d  w i th  g aseous HBr f o r  10 
min. The s o l u t i o n  was h e a ted  under r e f l u x  f o r  2 h r  and 
c o o le d ,  and most o f  th e  m ethano l was removed by d i s t i l l a t i o n  
un der  reduced  p r e s s u r e .  The r e s i d u a l  l i q u i d  was d i l u t e d  w i th  
co ld  w a te r  and b a s i f i e d  w i th  s o l i d  ^ C O ^ . The b a s i c  s o l u t io n  
was e x t r a c t e d  w i th  s e v e r a l  p o r t io n s  o f  c h lo ro fo rm  and th e  e x ­
t r a c t  was d r i e d  (K^CO^) and c o n c e n tr a te d  u n d e r  reduced  p r e s s u r e  
t o  g iv e  an o i l .  E th e r  was added to  th e  p ro d u c t  and th e  o i l  
c r y s t a l l i z e d  to  a w h ite  f l u f f y  s o l i d  which was c o l l e c t e d  and 
washed w i th  e t h e r  t o  g iv e  1 .0  g (50%) o f  29.: mp 118-121°;
i r  (Appendix A, F ig u re  8 ) ;  pmr (Appendix B, F ig u re  3 ) .
P r e p a r a t io n  of M ethyl 4 -C h lo r o n ic o t in a te -N -o x id e  (2 6 );  
Method A, From 4 -B ro m o n ic o t in ic  A cid -N -ox ide  ( 2 5 ) . A m ix tu re  
o f 2 9 .0  g (0 .1 33  mol) o f  4 -b ro m o n ic o t in ic  a c id -N -o x id e  ( 25) 
and 150 ml o f  p u r i f i e d  t h i o n y l  c h lo r id e  was h e a te d  u n d e r  r e ­
f lu x  i n  a w a te r  b a th  w i th  s t i r r i n g  f o r  0 .75  h r .  The orange  
s o l u t i o n  was co o led  to  room te m p e ra tu re  and th en  c o n c e n tr a te d  
on a r o t a r y  e v a p o ra to r  und er  reduced  p r e s s u r e .  The r e s i d u a l  
o i l  was s t i r r e d  w i th  150 ml o f  co ld  m ethano l in  an i c e  b a th  
f o r  0 .2 5  h r  and th en  a t  room te m p e ra tu re  f o r  0 .75  h r .  The 
m e th a n o l ic  s o l u t i o n  was then  c o n c e n tr a te d  u n d e r  reduced  
p r e s s u r e  and th e  r e s i d u a l  w e t ,  ye llow  s o l i d  was d i s s o lv e d  in
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100 ml o f  c h lo ro fo rm . The c h lo ro fo rm  s o l u t io n  was added 
d ropw ise  to  a  r a p i d l y  s t i r r e d  s l u r r y  o f  s a t u r a t e d  s o l u ­
t i o n  (100 ml) and c h lo ro fo rm  (100 ml) which was h e ld  a t  -5° 
by means o f  an i c e - s a l t  b a th .  The i n t e r n a l  te m p e ra tu re  was 
m a in ta in e d  beloxtf 0° th ro u g h o u t  th e  a d d i t i o n .  The o rg a n ic  
and aqueous l a y e r s  were s e p a r a te d  and th e  aqueous l a y e r  was 
f i l t e r e d .  The f i l t e r  cake was washed w i th  t h r e e  100-ml p o r ­
t i o n s  o f  c h lo ro fo rm  which were th en  used  t o  e x t r a c t  th e  
aqueous s o l u t i o n .  The combined e x t r a c t s  were d r i e d  (I^COg) 
and c o n c e n t r a te d  u n der  reduced  p r e s s u r e  t o  g iv e  a  l i g h t  
y e llo w  s o l i d  w hich was t r i t u r a t e d  th o ro u g h ly  w i th  pen tane  
and th e n  d r i e d  i n  a  vacuum d e s i c c a t o r  to  g iv e  15.5 g (62%) 
o f  th e  m e th y l e s t e r  26^ : mp 105-106° ( l i t . ^  mp 8 4 ° ) ;  i r
(Appendix A, F ig u re  9 ) ;  pmr (Appendix B, F ig u re  4 ) .  An 
a n a l y t i c a l  sample was p re p a re d  by two r e c r y s t a l l i z a t i o n s  
from benzene and th en  vacuum su b l im a t io n  t o  g iv e  25_: mp
1 0 5 .5 -1 0 6 .5 ° .
A na l.  Calcd f o r  C^H,NC10„: C, 4 4 .8 0 ;  H, 3 .2 0 ;  N,  /  6 j
7 .4 6 .  Found: C, 4 4 .6 4 ;  H, 2 .9 7 ;  N, 7 .6 0 .
P r e p a r a t i o n  o f  M ethyl 4 -C h lo ro n ic o t in a te -N -o x id e
(2 6 ) ;  Method B, From 4 - C h lo r o n ic o t in i c  A cid-N -oxide  (2 4 ) .
4 - C h l o r o n ic o t i n i c  a c id -N -o x id e  (24) (40 .0  g ,  0 .231  mol) was 
added t o  200 ml o f  t h io n y l  c h lo r id e  and th e  m ix tu re  was 
h e a te d  u n d e r  r e f l u x  in  an o i l  b a th  w i th  s t i r r i n g  f o r  0 .5  h r .  
The s o l u t i o n  was coo led  t o  room te m p e ra tu re  and th en  concen­
t r a t e d  u n d e r  red u ced  p r e s s u r e  on a r o t a r y  e v a p o r a to r .  The 
r e s i d u a l  t a n ,  wet s o l i d  was t r e a t e d  w i th  c o ld  m ethano l (150 
ml) and th e  r e s u l t i n g  s o l u t i o n  was s t i r r e d  in  an ic e  b a th
f o r  0 .25  h r .  E th e r  (300 ml) was added and th e  w h ite  s o l i d
w hich p r e c i p i t a t e d  was c o l l e c t e d  by f i l t r a t i o n .  The f i l t r a t e  
was c o n c e n t r a te d  u n d e r  reduced  p r e s s u r e ,  t o  g iv e  a l i g h t  
p in k  s o l i d .  The two s o l i d  p ro d u c ts  were combined and added
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t o  a co ld  s l u r r y  o f  s ° l u t i ° n ' The aqueous s o l u t io n
was th en  e x t r a c t e d  f i v e  100-ml p o r t io n s  o f  ch lo ro fo rm . The 
e x t r a c t  was d r i e d  (K CO^) and c o n c e n tr a te d  to  g iv e  36 .0  g 
(83%) o f th e  m e th y l e s t e r  26 as  a  w h ite  s o l i d :  mp 116-117° d ,
p i c r a t e  mp 118-119° (m e th an o l) ;  i r  (Appendix A, F ig u re  9 ) ;  
pmr (Appendix B, F ig u re  4 ) .  This p ro d u c t  decomposed s lo w ly  
upon s ta n d in g  f o r  s e v e r a l  weeks.
P r e p a r a t io n  o f  M ethyl 4 - C h lo r o n ic o t in a te  Hydrobromide 
( 2 7 ) . A s t i r r e d  s o l u t i o n  o f  m ethy l 4 - c h lo r o n ic o t in a t e - N -  
ox ide  (26) (2 0 .0  g ,  0 .107 mol) in  200 ml o f  m ethano l was r e ­
duced w i th  hydrogen (1 atm) over W-2 Raney n i c k e l ‘d  (21 g) 
which was added in  a p p ro x im a te ly  t h r e e  e q u a l  p o r t io n s  over 
2 .7 5  h r .  The t o t a l  u p tak e  o f  hydrogen d u r in g  t h i s  p e r io d  was 
1980 ml (90% o f  th e  t h e o r e t i c a l  am oun t) . The m e th a n o l ic  
s o l u t i o n  was f i l t e r e d  th ro u g h  a  pad o f C e l i t e  and th e n  was 
c o n c e n tr a te d  under reduced  p r e s s u r e  w i th  m ild  h e a t in g .  The 
r e s i d u a l  orange l i q u i d  was d i l u t e d  w i th  300 ml o f  e t h e r  and 
th e  e t h e r e a l  m ix tu re  was f i l t e r e d .  The f i l t r a t e  was t r e a t e d  
w i th  gaseous HBr and th e  w h ite  p r e c i p i t a t e  was c o l l e c t e d  and 
washed w i th  e t h e r .  The p ro d u c t  was d r i e d  i n  a  vacuum d e s i c ­
c a t o r  to  g iv e  2 4 .1  g (89%) o f  27 :^ mp 144-145° d .  A f t e r
s ta n d in g  f o r  7 d a y s ,  th e  mp was 136-137°d ; i r  (Appendix A, 
F ig u re  1 0 );  pmr (Appendix B, F ig u re  5 ) .  An a n a l y t i c a l ,  mp
138.5-140° d ,  was p re p a re d  by r e c r y s t a l l i z a t i o n  from a c e to n e .
A n a l . Calcd f o r  C ^ N B r C H ^ : C, 3 3 .2 7 ;  H, 2 .7 7 ;  N,
5 .5 4 .  Found: C, 3 2 .7 4 ;  H, 2 .7 0 ;  N, 5 .2 4 .
P r e p a r a t io n  o f  4 -C h lo ro -3 -h y d ro x y m e th y lp y r id in e  
Hydrobromide (2 8 ) . M ethyl 4 - c h l o r o n i c o t i n a t e  hydrobrom ide
(27) (11 .5  g , 45 .7  mmol) was b a s i f i e d  w i th  co ld  K2C®3 s ° l u “ 
t i o n  and im m edia te ly  e x t r a c t e d  w i th  a t o t a l  o f  600 ml o f  d ry  
e t h e r .  The e x t r a c t  was d r i e d  (I^C O p and c o n c e n tr a te d  under 
reduced  p r e s s u r e  and th e  r e s i d u a l  l i q u i d  was d r i e d  by azeo-
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t r o p i c  rem oval o f  benzene under reduced  p r e s s u r e .  The e s t e r  
was d i l u t e d  w i th  75 ml o f d ry  e th e r  and coo led  in  an i c e  
b a th  w i th  s t i r r i n g .  To t h i s  s o l u t io n  was added 38 .8  mmol o f  
LAH i n  65 ml o f  e t h e r  over 0 .3  h r .  The r e a c t i o n  m ix tu re  was 
s t i r r e d  in  th e  i c e  b a th  f o r  an a d d i t i o n a l  1 h r  and th e n  
h y d ro ly ze d  by th e  s u c c e s s iv e ,  dropw ise  a d d i t i o n  of 1 .5  ml o f  
w a te r ,  1 .5  ml o f  15% NaOH, and th en  4 .5  ml o f  w a te r .  The 
r e s u l t a n t  m ix tu re  was s t i r r e d  v ig o r o u s ly  f o r  5 min and th en  
f i l t e r e d .  The g r a n u l a r  f i l t e r  cake was washed r e p e a te d ly  
w i th  e t h e r ,  and th e  combined e th e r  w ashings were d r i e d ,  and 
c o n c e n t r a te d  to  g iv e  a  l i g h t  y e llow  s o l i d .  T h is  m a t e r i a l  
was t r i t u r a t e d  th o ro u g h ly  w i th  p e n ta n e  t o  remove any un ­
changed e s t e r  and th e n  was d i s s o lv e d  in  e t h e r  and t r e a t e d  
w i th  gaseous HBr. The w h ite  p ro d u c t  was c o l l e c t e d  by f i l t r a ­
t i o n ,  washed w i th  s e v e r a l  p o r t io n s  o f  e t h e r ,  and th e n  d r i e d  
i n  a vacuum d e s i c c a t o r  to  g iv e  7 .60 g (74%) o f  th e  a lc o h o l  
2 8 : mp 1 6 0 .5 -1 6 1 ° ;  i r  (Appendix A, F ig u re  11); pmr (Appendix
B, F ig u re  6 ) .  An a n a l y t i c a l  sam ple , mp 158-159° was p r e ­
pa re d  by vacuum s u b l im a t io n .
A n a l . Calcd f o r  C ^ N O C lB r:  C, 32 .0 7 ;  H, 3 .1 1 ;  N,
6 .2 3 .  Found: C, 3 2 .1 6 ;  H, 2 .8 8 ;  N, 5 .9 4 .
A ttem pted  P r e p a r a t io n  o f  Lactone  3a from 4 -C h lo ro -3 -  
h y d ro x y m e th y lp y r id in e  Hydrobromide (2 8 ) . Under a p o s i t i v e  
p r e s s u r e  o f  n i t r o g e n  (H^SO^—d r i e d ) ,  n - b u t y l l i t h i u m  (9 .00  
mmol), d i s s o lv e d  in  6 ml o f  hexane and 5 ml o f  e t h e r ,  was 
added over 0 .25  h r  t o  a s t i r r e d  m ix tu re  o f  750 mg (2 .79  mmol) 
o f  4 -c h lo ro ~ 3 -h y d ro x y m e th y lp y r id in e  hydrobrom ide (28) in  10 
ml o f  e t h e r .  The e t h e r  m ix tu re  was k e p t  in  an i c e —m ethano l 
b a th  a t  -42° which xvas su rrounded  by Dry I c e .  The b r i g h t  
o range r e a c t i o n  m ix tu re  was s t i r r e d  i n  th e  b a th  f o r  one 
a d d i t i o n a l  h o u r ,  and th en  780 mg (5 .00  mmol) o f  e t h y l  cu­
ke to b u ty r a t e  i n  10 ml o f  e t h e r  was added d ropw ise  o ve r 10 m in.
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The m ix tu re  was s t i r r e d  f o r  an a d d i t i o n a l  1 h r  and th e n  
a llow ed to  warm to  -10° over a  p e r io d  o f  1 h r .  The y e llo w  
r e a c t i o n  m ix tu re  was poured on to  c rushed  i c e ,  and th e  aqueous 
s o l u t i o n  made a c i d i c  w i th  cone HC1. The a c i d i c  l a y e r  was 
e x t r a c t e d  w i th  fo u r  40-ml p o r t io n s  o f  e t h e r  and th en  was 
b a s i f i e d  w i th  s o l i d  NaHCO^ and e x t r a c t e d  w i th  fo u r  40-m l 
p o r t io n s  o f  e t h e r .  The combined e x t r a c t s  were d r i e d  (K^CO^) 
and c o n c e n tr a te d  under  reduced  p r e s s u r e .  The o range o i l  
which rem ained , s o l i d i f i e d  when t r e a t e d  w i th  p e n ta n e  to  g iv e  
350 mg ( 88%) o f  4 -c h lo ro -3 -h y d ro x y m e th y lp y r id in e  w hich was 
i d e n t i f i e d  by com parison  o f  i t s  i r  spectrum  w i th  t h a t  o f  an 
a u th e n t i c  sam ple .
P r e p a r a t io n  o f  4 -C h lo ro -3 -M eth o x y m eth y lp y rid in e  
H y d ro ch lo r id e  (3 1 ) .  4 -C h lo ro -3 -h y d ro x y m e th y lp y r id in e  h yd ro ­
bromide (28) (1 .00  g ,  4 .46  mmol) was added t o  a su sp e n s io n  
o f 500 mg (11 .7  mmol) o f  56% sodium h y d r id e  ( i n  o i l )  in  15 
ml o f  glyme and th e  m ix tu re  was s t i r r e d  a t  room te m p e ra tu re  
f o r  2 .5  h r .  Methyl io d id e  (630 mg, 4 .4 4  mmol) in  15 ml o f  
glyme was added to  th e  above m ix tu re  over  10 min and th e  
m ix tu re  was s t i r r e d  f o r  an a d d i t i o n a l  2 h r  and th e n  poured 
i n t o  100 ml o f  e t h e r .  A f t e r  th e  s o l i d  m a t e r i a l  had been 
removed by f i l t r a t i o n ,  th e  e t h e r e a l  s o l u t i o n  was s a t u r a t e d  
w i th  HC1, and th e  s o l i d  p ro d u c t  was c o l l e c t e d  by f i l t r a t i o n  
to  g iv e  800 mg (92%) o f  31 as a y e llo w  s o l i d :  mp 163-165°;
i r  (Appendix A, F ig u re  1 2 );  pmr (Appendix B, F ig u re  7 ) .  
Compound 31 cou ld  n o t  be p u r i f i e d  s a t i s f a c t o r i l y  f o r  e l e ­
m e n ta l  a n a l y s i s .
P r e p a r a t io n  o f  4 -C h lo ro -3 -a c e to x y m e th y lp y r id in e  
Hydrobromide ( 3 3 ) . A m ix tu re  o f  4 -c h lo ro -3 -h y d ro x y m e th y l-  
p y r id in e  hydrobrom ide (28) (1 .00  g ,  4 .4 6  mmol) and 10 ml of 
a c e t i c  an h yd ride  was h e a te d  w i th  s t i r r i n g  a t  65° f o r  3 h r .  
A f te r  about 1 h r ,  th e  a lc o h o l  d i s s o lv e d  in  th e  a c e t i c  an ­
h y d r id e ;  a s h o r t  tim e l a t e r ,  a s o l i d  p r e c i p i t a t e d  from th e
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s o l u t i o n .  The r e a c t i o n  m ix tu re  was coo led  and th e  p ro d u c t  
was c o l l e c t e d  and washed w i th  s e v e r a l  p o r t io n s  o f  e t h e r  to  
g iv e  930 mg (78%) o f  3J3: mp 1 7 5 -176 .5° ;  i r  (Appendix A,
F ig u re  13); pmr (Appendix B, F ig u re  8 ) .  An a n a l y t i c a l  
sam ple , mp 173-174°, was p re p a re d  by vacuum s u b l im a t io n .
A n a l . Calcd f o r  CgHgBrClN02 : C, 36 .0 2 ;  H, 3 .3 7 ;  N,
5 .2 5 .  Found: C, 3 5 .4 8 ; H, 3 .3 4 ;  N, 5 .0 2 .
A ttem pted  P r e p a r a t io n  o f  Lactone 3a from 4 -C h lo ro -
3 -a c e to x y m e th y lp y r id in e  Hydrobromide _33. 4 -C h lo ro -3 -  
a c e to x y m e th y lp y r id in e  hydrobrom ide (33) (500 mg, 1 .87 mmol) 
was b a s i f i e d  w i th  c o ld ,  cone K2COg) and c o n c e n tr a te d  w i th  
fo u r  25-ml p o r t io n s  o f  e t h e r .  The e x t r a c t  was d r i e d  (K2COg) 
and c o n c e n t r a te d  under  reduced  p r e s s u r e  to  g iv e  a  l i g h t  
y e l lo w  l i q u i d .  Under a  p o s i t i v e  p r e s s u r e  o f  n i t r o g e n  
(^ S O ^ —d r ie d )  t h i s  m a t e r i a l  was d i s s o lv e d  in  8 ml o f e th e r  
and added over 5 min t o  5 .2  mmol of n - b u t y l l i t h i u m  in  10 ml 
o f  e t h e r  which was s t i r r e d  in  a D ry - Ic e —2 -p ro p a n o l  b a th  a t  
-7 0 ° .  The r e a c t i o n  was s t i r r e d  in  th e  b a th  f o r  an a d d i t i o n a l
0 .5  h r  and th e n  650 mg (5 .0 0  mmol) o f  e t h y l  a - k e to b u ty r a te
in  10 ml o f  e th e r  was added over 5 m in . The r e a c t i o n  was 
s t i r r e d  a t  th e  b a th  te m p e ra tu re  f o r  0 .75  h r  and th en  a llow ed
to  warm t o  room te m p e ra tu re  and poured over c ru shed  i c e .  The
aqueous s o l u t i o n  was made b a s i c  w i th  s o l i d  K^CO^ and e x t r a c t e d  
w i th  fo u r  30-ml p o r t io n s  o f  e t h e r .  The e x t r a c t  was d r i e d  
(i^COg) and s a t u r a t e d  w i th  gaseous HBr. The s a l t  was c o l l e c ­
te d  by f i l t r a t i o n  and washed w i th  e th e r  to  g ive  230 mg (53%) 
o f  4 -c h lo ro -3 -h y d ro x y m e th y lp y r id in e  hydrobrom ide (28) :  mp
157-160°. The i r  spectrum  o f  t h i s  p ro d u c t  was i d e n t i c a l  to  
t h a t  o f  an a u th e n t i c  sample of 2 8 .
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P r e p a r a t io n  of 4 - Io d o -3 -h v d ro x y m e th y lp y r id in e  Hydro- 
bromide (3 5 ) .  A m ix tu re  o f  4 -c h lo ro -3 -h y d ro x y m e th y lp y r id in e  
hydrobrom ide (28) (3 .00  g ,  13 .4  mmol), sodium io d id e  (18 g) 
and m ethy l e t h y l  ke to ne  (150 ml) was h e a ted  un d e r  r e f l u x  in  
an o i l  b a th  f o r  23 h r .  The r e a c t i o n  m ix tu re  was coo led  to  
room te m p e ra tu re  and c o n c e n tra te d  un der reduced  p r e s s u r e .
The r e s id u e  was p a r t i a l l y  d i s s o lv e d  in  100 ml o f  w a te r ,  and 
th e  m ix tu re  was s a t u r a t e d  w i th  s o l i d  K^CO^ and then  f i l t e r e d .  
The f i l t e r  cake was washed once w i th  w a te r  and th en  w i th  
s e v e r a l  p o r t io n s  o f  ch lo ro fo rm . The aqueous p o r t io n  o f  th e  
f i l t r a t e  was e x t r a c t e d  w i th  two p o r t io n s  o f c h lo ro fo rm .
The combined c h lo ro fo rm  l a y e r s  were shaken once w i th  125 ml 
o f  40%, NaHSO^ s o l u t i o n  and th en  th e  e x t r a c t  was d r i e d  (I^CO^) 
and c o n c e n tr a te d  under reduced  p r e s s u r e .  The r e s i d u a l  o i l  
was d i s s o lv e d  i n  60 ml o f  a ce to n e  and th e  s o l u t io n  was s a t ­
u r a t e d  w i th  HBr. E th e r  (50 ml) was added to  th e  m ix tu re  and 
th e  s a l t  was c o l l e c t e d  and washed w i th  s e v e r a l  p o r t io n s  of 
e t h e r  to  g iv e  2 .79  g (66%) o f  35 a s  an o f f  w h i te  s o l i d :  mp
161-162°; i r  (Appendix A, F ig u re  14); pmr (Appendix B,
F ig u re  9 ) .
An a n a l y t i c a l  sample was p re p a re d  by two r e c r y s t a l ­
l i z a t i o n s  from e th a n o l —e t h e r ,  mp 154-155°.
A n a l . Calcd f o r  C ^ B r lN O :  C, 2 2 .7 8 ;  H, 2 .2 1 ;  N,
4 .4 3 .  Found: C, 2 3 .5 6 ;  H, 2 .1 4 ;  N, 4 .3 2 .
A ttem pted  P r e p a r a t io n  o f L actone 3a from 4 - Io d o -3 -  
h y d ro x y m e th y lp y r id in e . 4 - Io d o -3 -h y d ro x y m e th y lp y r id in e  h yd ro ­
bromide (35) (1 .25  g ,  3 .98  mmol) was b a s i f i e d  w ith  
s o l u t io n  and e x t r a c t e d  w i th  t h r e e  50-ml p o r t io n s  of c h lo r o ­
form . The e x t r a c t  was d r i e d  (K^CO^) and c o n c e n tr a te d  under 
reduced  p r e s s u r e  t o  g iv e  an orange o i l  which c r y s t a l l i z e d  on 
washing w i th  p e n ta n e .  The s o l i d  was p a r t i a l l y  d i s s o lv e d  in  
10 ml of e th e r  and p lac ed  in  a 100 ml d i s t i l l i n g  f l a s k .
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Under a p o s i t i v e  p r e s s u r e  o f d ry  n i t r o g e n ,  n - b u t y l l i t h i u m  
(8 .00  mmol) in  5 ml o f  hexane and 5 ml o f  e t h e r  was added t o  
th e  io d o p y r id in e  over 1 h r .  D uring  th e  a d d i t i o n ,  th e  e th e r  
b o i l e d  g e n t ly .  The r e a c t i o n  m ix tu re  was h e a te d  under r e f l u x  
f o r  an a d d i t i o n a l  2 h r ,  and th e n  570 mg (4 .3 8  mmol) o f  e t h y l  
a -k e to b u ty r a t e  i n  10 ml o f e th e r  was added over 1 min. The 
r e a c t i o n  m ix tu re  was h e a te d  under  r e f l u x  f o r  an a d d i t i o n a l
2 .5  h r .  The m ix tu re  was coo led  in  an i c e  b a th  and 10 ml o f 
107, HC1 was added a t  one tim e fo llow ed  by 30 ml o f  e t h e r .
The m ix tu re  was s t i r r e d  f o r  0 .25  h r  and th e n  s a t u r a t e d  w ith  
s o l i d  NaHCO^. The p ro d u c t  m ix tu re  x^as f i l t e r e d  and th e  
f i l t e r  cake was washed w i th  s e v e r a l  p o r t io n s  o f  ch lo ro fo rm . 
The o rg a n ic  and aqueous l a y e r s  o f th e  f i l t r a t e  were s e p a ra te d  
and th e  aqueous l a y e r  was e x t r a c t e d  w i th  two 15-ml p o r t io n s  
of c h lo ro fo rm . The combined c h lo ro fo rm  l a y e r s  were d r i e d  
(K^COg) and c o n c e n tr a te d  und er  reduced  p r e s s u r e  to  g iv e  an 
o i l y  s o l i d  which was d i s s o lv e d  in  an a c e to n e —e th e r  s o l u t i o n .  
T h is  s o l u t io n  was s a t u r a t e d  w i th  HBr and th e  p ro d u c t  was 
c o l l e c t e d  by f i l t r a t i o n  and washed w i th  s e v e r a l  p o r t io n s  o f 
e t h e r  t o  g ive  ab ou t 500 mg o f  m a t e r i a l .  A sm a ll  amount of 
t h i s  p ro d u c t  was b a s i f i e d  w i th  c a rb o n a te  s o l u t io n  and shoxvn 
by a n a l y t i c a l  TLC (Eastman S i l i c a  g e l  s t r i p s —1 :1  e t h e r — 
ac e to n e )  to  c o n s i s t  o n ly  o f 4 - io d o -3 -h y d ro x y m e th y lp y r id in e  
(R.£ 0 .528) and 3 -h y d ro x y m eth y lp y r id in e  (R^ 0 .394) by com­
p a r i s o n  w ith  a u t h e n t i c  sam ples of each . An i r  spectrum  of 
th e  p ro d u c t  m ix tu re  c o n ta in e d  no band a s s o c i a t e d  w i th  a 
c a rb o n y l  group .
P r e p a r a t io n  o f  4 -C h lo ro -3 -c h lo ro m e th y lp y r id in e  
H ydroch lo r ide  (3 6 ) .  4 -C h lo ro -3 -h y d ro x y m e th y lp y r id in e  hydro­
c h lo r id e  (28) ( 2.20  g ,  12.2  mmol) was added c a u t io u s ly  to  20 
ml o f  co ld  t h io n y l  c h lo r i d e .  The r e a c t i o n  m ix tu re  was then  
h e a ted  under r e f l u x  w i th  s t i r r i n g  in  an o i l  b a th  f o r  1 h r .
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The t h io n y l  c h lo r id e  s o l u t i o n  was co o led  and th en  poured 
i n t o  a s o l u t i o n  o f  100 ml o f  benzene and 50 ml o f  e t h e r .  The 
w h ite  p r e c i p i t a t e  was c o l l e c t e d  and washed w i th  s e v e r a l  p o r ­
t i o n s  o f  e t h e r .  D rying i n  vacuum d e s i c c a t o r  gave 2 .10  g 
(877o) o f  th e  c h lo r id e  36.: mp 1 7 4 .5 -1 7 8 ° ;  i r  (Appendix A, 
F ig u re  1 5 );  pmr (Appendix B, F ig u re  10 ) .  An a n a l y t i c a l  
sam ple , mp 174-177°, was p re p a re d  by two r e c r y s t a l l i z a t i o n s  
from a c e t o n i t r i l e .
A n a l . Calcd f o r  CgHgNCl^ C, 36 .40 ; H, 3 .0 3 ;  N,
7 .0 3 .  Found: C, 36 .7 7 ; H, 2 .9 6 ;  N, 6 .9 2 .
P r e p a r a t io n  of 4 -C h lo ro -3 -(N ,N ~ d im e th y lam in o )-m e th y l- 
p y r id in e  D ihydrobrom ide ( 3 7 ) . D im ethylam ine was passed  
th ro u g h  a s l u r r y  o f  1.40 g (29 mmol) o f  50% sodium h y d r i d e / o i l  
i n  65 ml o f  d ry  glyme f o r  10 m in. To t h i s  m ix tu re  was added
4 - c h lo r o -3 - c h lo r o m e th y lp y r id in e  h y d ro c h lo r id e  (36) (2 .00  g ,
10 mmol) i n  sm a ll  p o r t i o n s ,  and th e  r e s u l t a n t  m ix tu re  was 
s t i r r e d  a t  room te m p e ra tu re  f o r  5 h r .  A c e t ic  a c id  ( s e v e r a l  
d ro p s )  was added and th e  m ix tu re  was poured on to  i c e .  The 
aqueous s o l u t i o n  was made b a s ic  w i th  s o l i d  and e x t r a c ­
te d  th o ro u g h ly  w i th  e t h e r .  The e t h e r e a l  e x t r a c t  was d r i e d  
(I^COg) and c o n c e n tr a te d  u n der  reduced  p r e s s u r e .  The r e s i ­
due was d i s s o lv e d  in  e t h e r  and t r e a t e d  w i th  gaseous HBr and 
th e  p ro d u c t  was c o l l e c t e d  by f i l t r a t i o n  and washed w i th  
e t h e r  t o  g iv e  3 .16  g (98%>) o f  37.: mp 236-237°; i r  (Appendix
A, F ig u re  16 );  pmr (Appendix B, F ig u re  11 ) .  An a n a l y t i c a l  
sam ple , mp 231-232° d ,  was p re p a re d  by r e c r y s t a l l i z a t i o n  from 
e t h a n o l - e t h e r .
A n a l . Calcd f o r  C g H ^ ^ B ^ C l : C, 2 8 .8 7 ;  II, 3 .9 1 ;
N, 8 .4 2 .  Found: C, 2 8 .9 2 ;  H, 3 .7 1 ;  N, 8 .2 0 .
P r e p a r a t io n  o f  4 -Io d o -3 -(N ,N -d im e th y la m in o )-m e th y l-  
p y r id in e  D ihydrobrom ide (3 8 ) .  A m ix tu re  o f 2 .80  g (8 .40  
mmol) o f  4 -c h lo ro -3 - (N ,N -d im e th y la m in o )-m e th y lp y r id in e  d i -
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h y d ro c h lo r id e  (37) , 8 .00  g (56 .3  mmol) o f  sodium io d id e ,  and 
100 ml o f  m ethy l e t h y l  ke to n e  was h e a ted  u n der  r e f l u x  w ith  
s t i r r i n g  w h ile  h e a t in g  in  an o i l  b a th  f o r  22 .5  h r .  The r e a c ­
t i o n  m ix tu re  was coo led  and c o n c e n tr a te d  u n der  reduced  
p r e s s u r e .  The r e s id u e  was ta k e n  up in  80 ml o f  w a te r  and 
t h i s  s o l u t i o n  was b a s i f i e d  w i th  s o l i d  I^COg. The aqueous 
s o l u t i o n  was e x t r a c t e d  w i th  a  t o t a l  o f  400 ml o f  e t h e r .  The 
e x t r a c t  was washed once w i th  40% NaHSO^ s o l u t i o n  and then  
d r i e d  (K^COg). T rea tm en t o f th e  e th e r  l a y e r  w i th  gaseous 
HBr a f fo rd e d  a  w h ite  s o l i d  which was c o l l e c t e d  by f i l t r a t i o n  
and washed w i th  s e v e r a l  p o r t io n s  o f  a ce to n e  and th en  w ith  
e t h e r .  The p ro d u c t  was d r i e d  in  a vacuum d e s i c c a t o r  to  g iv e  
2 .9  g (82%) o f  38,: mp 222-223°; i r  (Appendix A, F ig u re  1 7 );
pmr (Appendix B, F ig u re  12) . A sample o f  ,38 was b a s i f i e d  
w i th  I^COg s o l u t i o n  and e x t r a c t e d  w i th  e t h e r  t o  g iv e  an o i l  
w hich s o l i d i f i e d  on s t a n d in g .  An a n a l y t i c a l  sam ple , mp 57- 
58° , was p re p a re d  by t h r e e  vacuum s u b l im a t io n s .
A n a l . Calcd f o r  C g K ^ I^ I :  C, 3 6 .6 4 ;  H, 4 .1 9 ;  N,
1 0 .6 8 .  Found: C, 37 .00 ;  H, 4 .1 6 ;  N, 10 .7 1 .
A ttem pted  P r e p a r a t io n  o f  E th y l  2 -H y d ro x y -2 -f ( 3 1 - 
( N ,N -d im e th y la m in o ) -m e th y l -4 '- p y r id y l ] -b u ty r a te  (3 9 ) .  The 
amine hydrobrom ide ,38 (750 mg, 1.77 mmol) was b a s i f i e d  w i th  
K^COg s o l u t i o n  and im m edia te ly  e x t r a c t e d  w i th  s e v e r a l  p o r ­
t i o n s  o f  c h lo ro fo rm . The e x t r a c t  was d r i e d  (K^COg) and con­
c e n t r a t e d  to  a  y e llow  o i l .  Under a p o s i t i v e  p r e s s u r e  of 
d ry  ^  j th e  o i l  was d i s s o lv e d  in  10 ml o f  d ry  THF and added 
over 10 min t o  a s t i r r e d  s o l u t io n  o f  n - b u t y l l i t h i u m  (2 .08  
mmol) i n  2 ml o f  hexane and 10 ml o f THF, k e p t  in  a Dry Ice  
2 -p ro p a n o l  b a th .  Im m edia te ly  upon th e  a d d i t i o n ,  the  r e a c ­
t i o n  s o l u t i o n  tu rn e d  red  and was a lm ost b la c k  by th e  time 
a l l  o f  th e  p y r id in e  had been added. The r e a c t i o n  m ix tu re  
was s t i r r e d  in  th e  b a th  f o r  an a d d i t i o n a l  0 .3  h r  and then
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e t h y l  a - lc e to b u ty ra te  (320 mg, 2 .5  mmol) in  10 ml o f  THF was 
added o ve r 1 m in. The r e a c t i o n  m ix tu re  was s t i r r e d  f o r  an 
a d d i t i o n a l  0 .5  h r  and th en  was a llow ed to  warm to  - 10° where­
upon 20 ml o f 10% HC1 was added. The s o l u t io n  was th en  
poured i n t o  125 ml o f  e t h e r  and th e  o rg a n ic  and aqueous 
phases  were s e p a r a t e d .  The o rg an ic  phase  was e x t r a c t e d  
tw ice  more w i th  20-ml p o r t io n s  o f  HC1 and th e  combined a c i d i c  
e x t r a c t s  were e x t r a c t e d  w i th  th r e e  p o r t io n s  o f e t h e r .  The 
a c i d i c  s o l u t io n  was th en  b a s i f i e d  w i th  K^CO^ an<^  e x t r a c t e d  
w i th  s e v e r a l  p o r t i o n s  o f  e t h e r .  The e x t r a c t  was d r i e d  
(K^CO^) and c o n c e n t r a te d  u n der  reduced  p r e s s u r e  t o  g iv e  a 
brown o i l  which was d i s s o lv e d  in  a sm a ll  amount o f  d ry  e th e r  
and p assed  th ro u g h  a s h o r t  column of F l o r i s i l .  The e lu e n t  
was s a t u r a t e d  w i th  HBr and th e  p ro d u c t  c o l l e c t e d  by f i l t r a ­
t i o n  and washed w i th  s e v e r a l  p o r t io n s  o f e t h e r  t o  g iv e  250 
mg o f  s t a r t i n g  m a t e r i a l  ( 3 8 ) : mp 225-226°; i r  ( i d e n t i c a l
to  t h a t  o f  an a u t h e n t i c  sam ple) .
P r e p a r a t io n  o f  E th y l  2 -H yd roxy-2 -( 3 ' -m e th y l-4 1 - 
p y r i d y l ) - b u t y r a t e  N-Oxide (4 3 ) .  A s o l u t i o n  of e t h y l  2- 
hy d ro x y -2 - (3 ' - m e t h y l - 4 ' - p y r i d y l ) - b u t y r a t e  ( 8)  (1 .00  g ,  4 .4 8  
mmol) and 85% m -c h lo ro p e rb e n z o ic  a c id  (1 .36  g , 6 .72  mmol) in  
40 ml o f  ch lo ro fo rm  was a llow ed  to  s ta n d  a t  room tem p e ra tu re  
f o r  3 h r .  The s o l u t i o n  was poured i n t o  w a te r  and made 
b a s i c  w i th  s o l i d  K^CO^. T his  s o l u t io n  was e x t r a c t e d  w ith  
f o u r  40-ml p o r t i o n s  o f  ch lo ro fo rm  and th e  e x t r a c t  was d r i e d  
(I^CO^) and c o n c e n t r a te d  under reduced  p r e s s u r e  t o  g iv e  940 
mg ( 88%) o f  43 as  a  w h i te  s o l i d :  mp 145° ( s o f t e n ) ,  172-173°;
i r  (Appendix A, F ig u re  1 8 );  pmr (Appendix B, F ig u re  1 3 ) .  An 
a n a l y t i c a l  sam ple , mp 1 7 5 .5 -1 7 6 ° , was p re p a re d  from two r e ­
c r y s t a l l i z a t i o n s  from a c e to n e .
A n a l . Calcd f o r  C ^H ^N O ^: C, 6 0 .3 0 ;  H, 7 .1 2 ;  N,
5 .8 6 .  Found: C, 6 0 .5 8 ;  H, 7 .1 9 ;  N, 5 .9 9 .
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P r e p a r a t io n  of E th y l  2 -H y d ro x y -2 - \ 2 ' - ( 6 Q -ch lo ro -S 1 - 
m e th y l -4 1- p y r i d y l ] - b u t y r a t e  ( 4 4 ) . A s o l u t io n  o f th e  N -oxide
43 (860 mg, 3 .59  mmol) i n  10 ml o f  POCl^ was h ea ted  u nder r e ­
f l u x  in  an o i l  b a th  f o r  0 .5  h r  w h ile  p r o te c te d  w i th  a CaCl^ 
d ry in g  tu b e .  The s o l u t io n  was coo led  in  an i c e  b a th  and th e n  
poured  over c ru sh ed  i c e .  The aqueous s o l u t i o n  was s t i r r e d
i n  an i c e  b a th  f o r  0 .5  h r  and th en  n e u t r a l i z e d  w i th  s o l i d  
K2CO3 . The n e u t r a l  s o l u t io n  was e x t r a c t e d  w i th  fo u r  50-ml 
p o r t i o n s  o f  e t h e r  and th e  e x t r a c t  was d r i e d  (I^CO^) and th e n  
c o n c e n tr a te d  u n d er  red uced  p r e s s u r e  t o  g iv e  880 mg (95%) o f
44 as  a ye llow  o i l :  i r  (Appendix A, F ig u re  19); pmr (Appendix 
B, F ig u re  14 ) .  S ince t h e  p ro d u c t  was an o i l ,  no sample was 
su b m itte d  f o r  e le m e n ta l  a n a l y s i s .
P r e p a r a t io n  of E th y l  2-H ydroxy-2-T21 (6 1) - c h l o r o - 3 l - 
b rom om ethyl-41- p y r i d y l ] - b u t y r a t e  (4 5 ) .  A m ix tu re  o f th e  
c h lo r o p y r id in e s  44 (770 mg, 2 .95  mmol), NBS (670 mg, 3 .76  
mmol), a c a t a l y t i c  amount o f  d ib e n z o y l  p e ro x id e ,  and 15 ml 
o f  carbon  t e t r a c h l o r i d e  ( s to r e d  over 4-A m o le c u la r  s ie v e s )  
was h e a te d  under r e f l u x  by means o f  a  100- w a t t  bu lb  f o r  3 .5  
h r .  An a d d i t i o n a l  350 mg (1 .9 7  mmol) o f  NBS was added and 
th e  h e a t in g  was c o n tin u e d  f o r  2 .5  h r .  The m ix tu re  was coo led  
i n  an i c e  b a th  and th e n  f i l t e r e d .  The f i l t e r  cake was washed 
w i th  s e v e r a l  p o r t io n s  o f  CCl^ and th e  f i l t r a t e  was concen­
t r a t e d  under reduced  p r e s s u r e  to  g iv e  920 mg (927o) o f  45 
a s  an orange  o i l :  i r  (Appendix A, F ig u re  2 0 );  pmr (Appendix
B, F ig u re  15 ) .
H y d ro ly s is  o f 45 w i th  Po tass ium  Hydroxide in  Aqueous 
DMSO. To th e  b rom o m ethy lpy rid ines  45 (1 .25  g ,  3 .7 0  mmol) 
was added a 2 N s o l u t i o n  o f  KOH in  1:1 DMSO—H^O and th e  
s o l u t i o n  was a llow ed  t o  s ta n d  a t  am bien t te m p e ra tu re  f o r  3 
h r .  The brown s o l u t io n  was poured i n t o  40 ml o f  w a te r  and 
a c i d i f i e d  w i th  HCl. The s o l i d  which p r e c i p i t a t e d  from the
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a c i d i c  s o l u t i o n  was e x t r a c t e d  w i th  s e v e r a l  p o r t io n s  o f 
c h lo ro fo rm  and th e  e x t r a c t  was d r i e d  (Na2 S0^ )  and concen­
t r a t e d  u nder reduced  p r e s s u r e  t o  g iv e  500 mg (59%) o f  46_ as 
a  ye llo w  o i l :  i r  ( n e a t )  3500-2500 and 1720 cm pmr (CDCl^)
5  0 .9 2  ( t ) ,  1 .20  (m), 2 .15  (m) , 5 .27  ( s ) ,  7 .5 3  (d , 4 .5  Hz), 
8 .49  (d ,  4 .5  Hz) and 11 .6  ( s ) .
The p ro d u c t  was d i s s o lv e d  in  15 ml o f  m ethano l and 
th e  s o l u t i o n  was s a t u r a t e d  w i th  HBr and a llow ed  to  s ta n d  a t  
room te m p e ra tu re  f o r  40 h r .  The s o l u t io n  was th en  concen­
t r a t e d  under  reduced  p r e s s u r e  and th e  r e s i d u a l  orange o i l  
was b a s i f i e d  w i th  s a t u r a t e d  NaHCO^ s o l u t io n  and e x t r a c t e d  
w i th  s e v e r a l  p o r t io n s  o f  e t h e r .  The e x t r a c t  was d r i e d  (K^CO^) 
and c o n c e n tr a te d  u n d er  reduced  p r e s s u re  t o  g iv e  200 mg o f  47 
a s  an orange o i l  w hich was chrom atographed on s i l i c a  g e l  
w i th  e t h e r :  i r  (n e a t )  2960 and 1745 cm pmr (Appendix B,
F ig u re  16 ) .  TLC ( s i l i c a  g e l ,  6 :4  e t h e r —hexane) showed t h i s  
o i l  t o  c o n s i s t  o f  t h r e e  p r o d u c t s .  No f u r t h e r  a t te m p ts  -were 
made t o  p u r i f y  i t .
P r e p a r a t io n  o f  E th y l  2 -H y d ro x y -2 -[21- ( 6 1) - c h lo r o - 3 * - 
a c e to x y m e th y l - 4 * - p y r id y l ] - b u ty r a te  (48) . The crude  b rom i- 
n a te d  p y r id in e s  45. (920 mg, 2 .85 mmol) and 1 .40  g o f  
p o ta ss iu m  a c e t a t e  in  a s o l u t io n  o f  10 ml o f  a c e t i c  a c id  was 
h e a te d  a t  110° in  an o i l  b a th  f o r  10 h r .  The m ix tu re  was 
th e n  poured  i n to  i c e  w a te r  and b a s i f i e d  w i th  s o l i d  NallCO^.
The s o l u t i o n  was e x t r a c t e d  w i th  t h r e e  50-ml p o r t i o n s  o f 
c h lo ro fo rm  and th e  e x t r a c t  was d r i e d  (K^CO^) and c o n c e n t r a ­
te d  u n d e r  reduced  p r e s s u r e  t o  g iv e  660 mg (73%) o f  th e  
a c e t a t e  48 a s  a brown o i l  w hich was n o t  p u r i f i e d  f u r t h e r :  
i r  (Appendix A, F ig u re  2 1 ) ;  pmr (Appendix B, F ig u re  17 ) .
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P r e p a r a t io n  of 7 -C h lo ro p y r id o T 5 ,4 -c 1 2 -o x o -3 -e th y l -3 -  
h y d ro x y -3 ,6 -d ih y d ro p y ra n  ( 3 b ) . The a c e t a t e  48. (660 mg, 2 .09
mmol) was d i s s o lv e d  in  a I N  s o l u t i o n  o f  KOH in  5 ml o f
m ethano l and 5 ml o f  w a te r  and th e  s o l u t io n  was h e a ted  under- 
r e f  lux  f o r  2 .5  h r .  The s o l u t io n  was th e n  poured i n t o  40 ml 
o f  w a te r  and c h i l l e d  in  an ic e  b a th .  C o n cen tra ted  HC1 was 
added u n t i l  th e  s o l u t io n  was a c i d i c ;  and a f t e r  s t i r r i n g  f o r
0 .2 5  h r ,  s o l i d  NaHCO  ^ was added u n t i l  th e  s o l u t i o n  had been 
n e u t r a l i z e d .  E x t r a c t io n  w i th  t h r e e  p o r t io n s  o f  ch lo ro fo rm  
ga v e ,  a f t e r  d ry in g  (K^CO^) and c o n c e n t r a t io n  u n d e r  reduced  
p r e s s u r e ,  an o i l  which s o l i d i f i e d  to  a  ta n  s o l i d  upon s c r a t c h ­
in g  u n d e r  p en tane  t o  g iv e  9 4 .3  mg (20%) of 3t>: mp 95-1.05°;
i r  (Appendix A, F ig u re  2 2 ) ;  pmr (Appendix B, F ig u re  1 8 ) .  In
a n o th e r  s e t  o f  e x p e r im e n ts ,  Bb was i s o l a t e d  i n  about 35%
y i e l d  from 4j3 and i n  23% from th e  N -oxide 43. An a n a l y t i c a l  
sam ple , mp 116-119°, was p re p a re d  by t h r e e  vacuum su b lim a ­
t i o n s  .
A n a l . Calcd f o r  C10H1()ClNO3 : C, 52 .7 4 ; H, 4 .3 9 ;  N,
6 .1 5 .  Found: C, 5 2 .5 3 ;  H, 4 .5 2 ;  N, 6 .3 6 .
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i » . i __ i__ 1 t___j___
5.0 7 .0 6 .0 5.0 ( 5 ) 4 .0 3.0 2.0 1.0
B-Eigure  15 (CDC1~). E th y l  2 -H y d ro x y -2 -[2 1 (6 !)~ c h lo ro -3  ^ b ro m o m e th y l^  1- p y r i d y l ) - 
b u ty r a t e  (4 5 ) .
COOCH
 - - - - - - 3._ _ _ _ _ _ !  t  I _ _ _ _ _ _ » „
7 .0 6.0 5 .0  PPM ( I ) 4.0 3 .0 2 .0 1.0
B -Figure  16 (CDCl^)• 6 -C h lo ro p y r id o [ 4 ,3 - c ] - 2 - c a r b o m e th o x y - 2 - e th y l - 2 ,5 -d ih y d r o f u ra n  (4 7 ) .
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H0\  ^,COOC2H 5
c h 2o c c h
II
C.O 7.0 6.0 5.0 r?u\ ( 5) 4.0 3.0 2.0 1.0 o
B -Figure  17 (CDCl^). E th y l  2 -H y d ro x y -2 -[ 2 1( 6 1) - c h l o r o - 3 1-a c e to x y m e th y l -4 1- p y r i d y l ) - 




F ig u re  18 (CDGl^)• 7 -C h lo ro p y r id o [5 ,4 -c ] -2 -o x o -3 -e th y l -3 - h y d r o x y - 3 j6 -d ih y d r o p y ra n  ( 3b)
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